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ABSTRACT  
   
The phenomenon of global warming and climate change has increasingly attracted 
attention by researchers in the field of supply chain and operations management. Firms 
have developed efficient plans and intervention measures to reduce greenhouse gas 
(GHG) emissions. While a majority of research in supply chain management has adopted 
a firm-centric view to study environmental management, this dissertation focuses on the 
context of GHG emissions reduction by considering a firm’s vertical and horizontal 
relationships with other parties, and the associated spillover effects. A theoretical 
framework is first proposed to facilitate the field's understanding of the possible spillover 
effects in GHG emissions reduction via vertical and horizontal interactions. Two 
empirical studies are then presented to test the spillover effect in GHG emissions 
reduction, focusing on the vertical interactions - when firms interact with their supply 
chain members. Drawing data from Bloomberg Environmental Social and Governance, 
and Bloomberg SPLC, this study conducts econometric analyses using various models. 
The results suggest that first, a higher level of supply chain GHG emissions is associated 
with the adoption of emissions reduction programs by a firm, and that this supply chain 
leakage contributes to the firm’s financial performance. Second, a firm's supply base 
innovativeness can contribute to its internal GHG emissions reduction, and this effect is 
contingent on a firm's supply base structure. As such, this dissertation answers the recent 
call in the field of supply chain and operations management for more empirical research 
in socially and environmentally responsible value chains. Further, this study contributes 
to the literature by providing a better understanding of the externalities that value chain 
members can impose on one another when pursuing sustainability goals. 
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CHAPTER 1 
INTRODUCTION  
The phenomenon of global warming and climate change has increasingly challenged 
practitioners and researchers in the field of supply chain and operations management. 
Firms have developed plans and intervention measures to reduce greenhouse gas (GHG) 
emissions (Cucchiella, Gastaldi, & Miliacca, 2017); the performance, however, is largely 
dispersed within and across industries (Howard-Grenville, 2005; Okereke & Russel, 
2010). Similarly, while researchers have made great strides to understand a firm’s 
internal drivers to address climate change, and the extent to which it pays to be “green” 
(Kolk, Levy, & Pinkse, 2008; Kolk & Pinkse, 2005; Stefan & Paul, 2008), existing 
literature suggests that GHG emissions have far-reaching effects along the supply chain, 
which has been understudied (Caro, Corbett, Tan, & Zuidwijk, 2011; Seuring & Müller, 
2008). This dissertation is an attempt to fill the literature gap by focusing on the effect of 
GHG emissions reduction in supply chains.    
A firm-centric view to understand GHG emissions reduction is limited and 
potentially misleading, leading to misallocation of emissions reduction resources. GHG 
emissions are byproducts of business activities extending beyond a focal firm, and the 
reduction of these emissions can affect multiple parties in a supply chain. For example, 
the redesign of Mattel’s distribution system benefitted both Mattel and its transportation 
providers in terms of GHG emissions performance1. Supply chain members can affect 
emissions from each other through knowledge sharing, collaboration, and redesign of 
supply chain operations because of their different economic power (Caro et al., 2011). 
                                                
1 Mattel Global Citizenship Report 2007, p24.  
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Beyond the supply chain, firms interact with each other under market competition, 
through non-governmental organizations (NGOs), and subject to governmental 
regulations, all of which play a role in firms’ GHG emissions.  
Kolk and Pinkse (2005) provide a framework that categorizes the ways in which 
firms can address climate change. To reduce GHG emissions, firms can interact vertically 
with their supply chains or horizontally with parties beyond supply chains, by way of 
compensation or innovation. While this framework lays the ground for a broader and 
more effective approach to reducing GHG emissions, it does not provide depth in 
understanding the most difficult aspect of managing emissions reduction with multiple 
organizations involved, that is, the unforeseen spillover effects during the interactions. 
This is an important issue from a theoretical perspective because such spillovers distort 
the view of a firm’s GHG emissions performance, leading to misallocations of valuable 
resources and suboptimal decisions with regard to GHG emissions reduction. 
A good example is Tesla. Tesla Motors designs and produces a highly 
environmentally friendly Model S with an electric motor, which emits CO2 per mile 
four times lower than an equivalent gas-powered car. However, the production process of 
Model S’s battery, which is made of metal aluminum, is highly energy-intense, as the 
smelting process of aluminum can consume ten times more energy than steel (Wade, 
2016). This process requires such a large amount of energy that aluminum production is 
responsible for about one percent of global greenhouse gas emissions, according to the 
Carbon Trust (see Figure 1 a comparison between aluminum sector and other sectors) 
(DiLallo, 2014). Tesla is considered a pioneer in GHG emissions reduction via its 
product design and technology development, but the overall impact has to be carefully 
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reevaluated from a supply chain perspective. The company, with the redesign of supply 
chain activities as a result of its pursuit for green products, may not be as green when 
considering the negative environmental spillovers in the company’s supply chain.  
Figure 1 
Energy Consumption – Aluminum Sector 
 
Source: U.S. Energy Information Administration 
Manufacturing Energy Consumption Survey 2006 
Supply chain spillovers, however, are not always negative. Consider the case of 
Stora Enso, a company of paper and packaging materials based in Finland. The company 
initially utilized the by-products of its core business, e.g., sawmill and logging residues, 
as biofuels to generate electricity and to support internal energy consumption (Kolk & 
Pinkse, 2005). As the company started to sell green electricity to its customers, it 
contributed to reduction of their respective GHG emissions (Nurmesniemi, Pöykiö, & 
Keiski, 2007). These examples highlight the importance of understanding a firm’s GHG 
emissions reduction from a perspective that goes beyond the focal firm.  
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There is a growing awareness in supply chain and operations management on the 
potential spillover effects that may arise when firms try to improve their social and 
environmental operations. For instance, S.-Y. Lee, Klassen, Furlan, and Vinelli (2014) 
suggest that significant changes in firms’ environmental requirements can generate 
uncertain leakage upstream in the supply chain. Other research indicates that increasing 
pressures to promote environmental activities drives firms to relocate polluting activities 
to third parties overseas (Korten, 2015; Surroca, Tribó, & Zahra, 2013). To study 
spillover effects requires a holistic approach that includes the wider set of stakeholders of 
a firm and the interactive relationships among them (Sodhi, 2015). This means that a 
broader perspective is necessary to study GHG emissions reduction that considers a 
firm’s interactions with vertical and horizontal partners, which are the sources of 
spillover effects. Despite an increasing interest, literature is limited and prominent 
scholars have called for more research to understand the externalities that multiple parties 
impose on one another in a supply chain and what guidelines can be developed to 
facilitate supply chain design (H. Lee & Zhang, 2017; H. L. Lee & Tang, 2017). One 
major reason is believed to be the focus on the economic impact of GHG emissions 
reduction, but the spillovers in GHG emissions reduction may not be directly connected 
to a firm’s financial performance in a short run. However, the spillovers may complicate 
supply chain relationships and hinder firm efforts to fulfill social and environmental 
responsibilities while pursuing its operating and financial goals. As a result, the spillover 
effects, if not well understood and managed, may lead to ineffective investment in GHG 
emissions reduction. Failing to account for such effects therefore has significant 
implications in firms’ decisions on supply chain relationships and designs.  
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In answering these calls, this dissertation focuses on the context of GHG 
emissions reduction and considers a firm’s vertical and horizontal relationships and the 
associated spillover effects. Specifically, it addresses the following two research 
questions: First, does a firm’s interaction with vertical or horizontal parties create 
spillover effects in GHG emissions reduction for the firm or other parties? Second, what 
are the main factors that drive such spillovers?  
To examine these questions, I propose a theoretical framework, and conduct and 
present two empirical studies in the following chapters. In Chapter 2, I extend previous 
work by Kolk and Pinkse (2005) and Serpa and Krishnan (2017) to the context of GHG 
emissions, and propose a novel framework that improves our understanding of the 
possible spillover effects in GHG emissions reduction. Specifically, Kolk and Pinske 
(2005) identify several ways for firms to involve either their own supply chain or parties 
beyond their supply chain in addressing climate change. Serpa and Krishnan (2017) argue 
that when firms are engaged in vertical relationships, spillover effects occur via either an 
endogenous or an exogenous channel. This framework is intended to connect the 
channels where spillovers occur to the types of interactions, i.e., vertical or horizontal, in 
GHG emissions reduction. By doing so, this framework decomposes the spillover effects 
in GHG emissions reduction into several types and proposes hypotheses for empirical 
testing.  
Drawing data from Bloomberg Environmental, Social and Governance (ESG) and 
Bloomberg SPLC, I develop two empirical studies in Chapter 3 and 4 that examine the 
spillover effects in GHG emissions reduction, both focusing on the vertical interactions – 
when firms interact with their supply chain members. Specifically, Chapter 3 leverages 
  6 
the perspective of institutional theory and examines the spillover effect on supply chain 
GHG emissions when the firm is engaged in GHG emissions reduction. Using panel data 
from 2005 to 2015, I investigate my research questions and estimate my econometric 
models with feasible, generalized least squares (FGLS) regression and two-stage least 
squares (2SLS) method. The main results suggest that first, a higher level of supply chain 
emissions is associated with the adoption of GHG emissions reduction programs by the 
firm; and second, this supply chain spillover effect contributes to the firm’s financial 
performance. Chapter 4, on the other hand, leverages the perspective of organizational 
learning theory and investigates the spillover effect of supply base innovativeness on the 
firm’s GHG emissions. Based on a sample from 2011 to 2016, I analyze my models using 
random-effects model with different treatments. The results suggest that a firm’s supply 
base innovativeness can lead to the firm’s GHG emissions reduction, and that this 
spillover effect is contingent on the firm’s supply base structure.   
This dissertation contributes to the supply chain and operations management 
literature in the following ways. First, this research answers the recent calls to understand 
spillover effects in sustainable supply chains, by developing a theoretical framework that 
decomposes spillovers into different types in the context of GHG emissions. Specifically, 
the framework extends the previous research by focusing on a firm’s vertical and 
horizontal relationship, and presents different channels through which firms can affect 
each other in GHG emissions via spillovers. This framework provides much needed 
depth and structure in the extant literature, and creates a holistic and broad perspective in 
understanding supply chain spillovers of GHG emissions. It can serve as a theoretical 
foundation for future empirical research to further investigate spillover effects when 
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firms pursue various emissions reduction goals. Second, this dissertation studies GHG 
emissions, a context that, as pointed out in H. L. Lee and Tang (2017), although presently 
nascent, has the potential to create values for companies and society and influence public 
policy. The empirical studies in this dissertation are among the first to examine the 
theoretical and practical questions centering GHG emissions in the supply chain. The 
theoretical framework can also be applied to contexts other than GHG emissions, such as 
a firm’s performance in other corporate social responsibility programs.  
Further, the proposed spillover effects under GHG emissions reduction, either 
positive or negative, can have great implications for global firms to manage their supply 
chains. The first empirical study finds negative supply chain externality when firms 
pursue GHG emissions reduction, which has both environmental and social implications. 
The inter-connectivity of supply chain and the transferability of supply chain activities 
indicate that any by-products of those activities, e.g., GHG emissions, can be transferred 
along the supply chain, leading to negative environmental spillovers. The results call for 
a more comprehensive supply chain design, through industry incentive and regulation, to 
ensure that a “green” company is connected to a “green” supply chain. As well, the 
findings have implications to social responsibilities of firms, as companies may choose to 
outsource high-emitting activities to supply chain members in emerging and developing 
economies. Protection of environment and well-being of communities in the emerging 
markets is a concern for socially responsible corporations and researchers in operations 
management. The findings in this research confirm such concerns and should motivate 
meaningful research in this area. The second empirical study shows positive externality 
for a focal firm from a highly innovative supply chain. These findings encourage firms to 
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actively engage and collaborate with their supply chains in innovation to achieve better 
environmental performance. This dissertation, by focusing on the context of GHG 
emissions, is a first step toward better understanding the dynamics and complexity of 
firm-supply chain interactions and the associated externalities in the area of sustainable 
operations and supply chain management. Future research should expand beyond the 
supply chain to examine a broader range of firm interactions in a wider set of 
sustainability goals.  
The organization of this dissertation is as follows. Chapter 2 presents a review of 
the literature in environmental management and GHG emissions reduction in supply 
chain and operations management, and a theoretical framework is proposed. Chapter 3 
and 4 each present an independent empirical study that examines one type of supply 
chain spillover effect in GHG emissions reduction. The contributions and implications of 
this dissertation are discussed in Chapter 5, and a summary of limitations and future 
research directions are discussed in Chapter 6.   
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CHAPTER 2 
LITERATURE AND THEORETICAL FRAMEWORK 
Environmental Management in Supply Chain and Operations Management 
Environmental management (EM) issues have been well studied in the operations and 
supply chain management literature, primarily within two streams: drivers for firms’ 
engagement in EM, and performance implications of EM activities. In the first stream, 
literature has investigated how external and internal factors contribute to firm 
engagement in EM (Hofer, Cantor, & Dai, 2012). External factors include legislation and 
regulation (Angell & Klassen, 1999; Andrew A King & Lenox, 2000), competitive 
environment (Flammer, 2015b; Hofer et al., 2012), and stakeholder influence (M. Delmas, 
2001; M. A. Delmas & Toffel, 2008; Klassen & Vachon, 2003; S. Y. Lee & Klassen, 
2008; Reuter, Foerstl, Hartmann, & Blome, 2010; Sarkis, Gonzalez-Torre, & Adenso-
Diaz, 2010). Internal factors include the role of top management (Angell, 2001; Gattiker 
& Carter, 2010; Klassen, 2001), resource availability (Aragón-Correa & Sharma, 2003; 
Darnall & Edwards, 2006; Sroufe, 2003), communication and training (Chinander, 2001), 
and individual characteristics, such as attitudes, experiences, and preferences (Corbett & 
Kirsch, 2001; Pagell & Gobeli, 2009; Sharma, 2000).  
The second research stream, on EM effort and firm performance, has 
demonstrated that implementing EM activities leads to improved production and process 
innovation, sales growth, reduction in financial volatility, increased market valuation, and 
achievement of competitive advantage (Christmann, 2000; Stuart L. Hart & Ahuja, 1996; 
Klassen & McLaughlin, 1996; Melnyk, Sroufe, & Calantone, 2003; Montabon, Sroufe, & 
Narasimhan, 2007; Ortiz‐de‐Mandojana & Bansal, 2015; Shrivastava, 1995). The 
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above two streams of research highlights a gap in the related literature, that is, a lack of 
research for supply chain involvement in EM activities.   
Moreover, a majority of EM studies are conducted by focusing on the following 
contexts: the adoption and diffusion of ISO 14000/14001, implementation of EM system, 
waste management, green purchasing, product design and product stewardship, and 
closed loop and reverse logistics management (Bowen, Cousins, Lamming, & Farukt, 
2001; Corbett & Kirsch, 2001; Darnall & Edwards, 2006; M. Delmas, 2001; Govindan, 
Soleimani, & Kannan, 2015; Guide Jr & Van Wassenhove, 2009; Stuart L Hart, 1997; 
Walton, Handfield, & Melnyk, 1998; Zhu & Sarkis, 2004). Emissions reduction has also 
been a context of interest, but most research focuses on toxic emissions, given the 
mandatory reporting in the U.S. since 1986 (Brian W Jacobs, 2014). In recent years, there 
has been a growing interest in greenhouse gas (GHG) emissions, with climate change 
becoming an increasingly salient issue for business. Despite an increasing societal 
awareness, legislative actions in the U.S. toward GHG emissions reduction are still far 
from imminent. This means that reduction efforts for GHG emissions are largely 
voluntary in the U.S., and firms have high flexibility in choosing different strategies to 
meet market expectations. First movers, such as Wal-Mart, have quickly announced 
highly publicized programs to improve processes and adopt technologies for carbon 
abatement, and many have followed suit and established emissions reduction programs 
(Plambeck & Denend, 2007). However, the extent to which firms embrace climate 
change and commit to GHG emissions reduction remains unclear and poorly understood 
(Okereke & Russel, 2010). It is also unclear of the financial impact if a firm fails to fulfill 
its commitment to GHG emissions reduction (Kolk & Pinkse, 2007). Hence, this 
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dissertation focuses on GHG emissions and further discusses the related issues in the 
context of supply chain management. 
Greenhouse Gas Emissions in Supply Chain and Operations Management 
Climate change is an important environmental challenge to business and society. 
A range of stakeholders have realized the potential damage and the need to take actions 
(Kolk & Pinkse, 2007). To be prepared for potential regulations, firms have also moved 
from opposition to climate change to a more proactive approach, by creating evaluative 
measures and investing in different programs. In countries where the Kyoto protocol has 
been approved, governments have made specific plans to reduce GHG emissions, 
mandating firms to set targets for GHG emissions reduction (Kolk & Pinkse, 2005, 
2007). In countries where the Kyoto protocol has not been authorized, NGOs, investors 
and local communities have filled the gap by putting pressures on firms to disclose 
information related to their GHG emissions activities (Matsumura, Prakash, & Vera-
Muñoz, 2013). For instance, shareholders at BP PLC, Royal Dutch Shell PLC and Statoil 
ASA have pushed their companies to disclose climate change-related information, 
including the associated financial risks (Hulac, 2016).  
As a result, many companies have set targets for emissions reduction to maintain 
their legitimacy in the eyes of the public. For example, Intel, a large electronics product 
company, has been setting aggressive GHG emissions reduction goals to conserve energy 
and minimize air emissions. The company has stated “our 2020 environmental goals 
include a commitment to further reduce our direct GHG emissions 10% on a per unit 
basis from 2010 levels” (Source: Bloomberg). As well, large retailers have set GHG 
emissions reduction targets, as an example, “(We) announced a science based target to 
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cut our operational emissions 18 percent by 2025” (Walmart, 2017). To reach their 
emissions reduction targets, companies can develop new clean technologies to prevent 
emissions generation, work with supply chain members to develop green products or 
services of low emissions, partner with competitors or NGOs to collaboratively design 
low-emissions technologies, and purchase emissions credits from the market if available. 
These strategic initiatives can be categorized at different organizational levels: 
respectively organization (i.e., internal), supply chain (i.e., vertical), and beyond supply 
chain (i.e., horizontal), which includes competitors, NGOs, or regulators and 
communities (Kolk & Pinkse, 2005). Table 1 summarizes the main activities companies 
can pursue when reducing GHG emissions. 
Table 1 
Internal and External GHG Emissions Reduction Activities 
 
Main Activities Literature  
Internal GHG 
Emissions 
Reduction 
Internal Transfer, Process 
Improvement (Energy 
Conservation), Process 
Improvement (Energy 
Efficiency) 
Kolk and Pinkse (2005), A. J. Hoffman 
(2005), Muthulingam, Corbett, 
Benartzi, and Oppenheim (2013), 
Brian W Jacobs (2014), Kroes, 
Subramanian, and Subramanyam 
(2012) 
External 
GHG 
Emissions 
Reduction  
External Transfer, Acquisition 
of Emissions Credit, Product 
and Process Development and 
Recombination 
Kolk and Pinkse (2005), Golicic, 
Boerstler, and Ellram (2010), 
Benjaafar, Li, and Daskin (2013), K.-
H. Lee (2011), Klassen and Vachon 
(2003), Vachon and Klassen (2006) 
 
Internal GHG Emissions Reduction. Efforts focusing on interval emissions 
reduction include internal transfer of high-emitting activities and initiation of 
organizational policies aimed at energy conservation and energy efficiency improvement. 
For internal emissions transfer, companies often use internal and external emissions 
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market to carry out internal trades, transferring emissions credits between business units. 
This is particularly common for large companies with multi-national operations (Kolk & 
Pinkse, 2005). For the latter category, companies usually develop “good housekeeping” 
measures, create employee awareness and conduct employee training to conserve 
resources in daily operations. Sometimes those companies, especially the ones in 
manufacturing industries, may develop innovative technologies to pursue radical 
improvements. For example, semiconductor companies have been shown to optimize 
their production process to reduce the high climate impact of perfluorinated compounds 
(PFCs) (Kolk & Pinkse, 2005). Vattenfall, a Swedish power company, initiated pilot 
project of carbon capture and storage (CCS) plant in Germany to absorb and recycle 
GHG emissions (Gibbins & Chalmers, 2008).  
Research in supply chain and operations management has mostly focused on such 
internal efforts. For example, Reid and Toffel (2009) find that both stakeholder 
influences and state regulations could spur changes in firm behaviors to reduce GHG 
emissions. Blanco, Caro, and Corbett (2016a) suggest that GHG emissions reduction 
should be considered for continuous improvement. Muthulingam et al. (2013) find that 
the sequence of how energy-saving recommendations are presented to companies affects 
their adoption rates. Brian W Jacobs (2014) contrasts the effects on firm performance 
from both GHG and non-GHG emissions, and find that the market reacts more favorably 
towards announcements of GHG emissions reduction. Other researchers have studied the 
impact of GHG emissions on firm performance, with mixed findings. For instance, 
Matsumura et al. (2013) find that for every additional thousand metric tons of GHG 
emissions disclosed by a firm, the firm’s market value decreases by $212,000 on average. 
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Better environmental performance, such as a lower GHG emissions level, could help 
firms improve market reputation to appeal to an environmentally-conscious public, and 
strengthen positive perceptions among stakeholders (Plambeck, 2012). Fisher-Vanden 
and Thorburn (2011) however find that GHG emissions reduction can be divergent from 
corporate core strategies and may spur negative market reactions. The literature has well 
examined firm internal strategies to reduce GHG emissions and the subsequent impacts 
on the firm.   
External GHG Emissions Reduction. Besides internal GHG emissions reduction, 
companies may involve supply chain members or parties from beyond the supply chain to 
address climate change. The vertical, i.e., supply chain, and horizontal, i.e., beyond 
supply chain, interactions allow firms to reduce emissions via process and product 
innovations, acquisition of emissions credits from external markets, and/or transferring of 
high-emitting activities to other parties (Kolk & Pinkse, 2005). In these cases, companies 
avoid the need to perform emissions cuts by themselves, while simultaneously achieving 
emissions reduction targets. For example, firms in automotive or electronics industries 
have been found frequently collaborating with supply chain members to reduce emissions 
of existing products and/or developing new green products. Sometimes companies may 
leverage their supply chains so that “activities and sources of high emissions are carried 
out elsewhere in the supply chain” (Kolk & Pinkse, 2005, p.10). To redistribute high-
emitting activities, such as transportation, companies can outsource or subcontract to 
third parties, thus reducing their internal GHG emissions. Moreover, for those companies 
that do not have any experience or lack the resources and capabilities to reduce GHG 
emissions, they may move beyond their supply chain and achieve reductions by buying 
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emissions credits or engaging in offset projects. For example, in California, automakers 
that don’t meet the standard set by the Zero Emissions Vehicle (ZEV) credit system have 
to purchase credits from their potential competitors with a positive credit balance 
(DeMorro, 2014). Some companies may take initiatives to work with banks and insurance 
companies for emissions trading, collaboratively creating a new product market (Kolk & 
Pinkse, 2007).  
A broader perspective that includes supply chain and beyond in addressing 
climate change has been less explored so far in the literature. However, partners engaged 
in vertical or horizontal relations may likely affect each other’s emissions reduction 
outcomes, creating spillover effects. In the case of a vertical interaction, a firm’s strategic 
engagement in GHG emissions reduction programs with its supply chain may create 
negative spillovers to supply chain members, as in the case of Tesla. Such examples 
highlight how the goal of emissions reduction by a focal firm may influence the supply 
chain, leading to environmental spillovers. In addition, product and technology 
innovations to reduce GHG emissions are supported by new materials and advanced 
technological capabilities. Sourcing for new materials and adjusting for new capacities 
will have a direct impact on the supply chain. Process improvements may also require a 
reallocation of activities along the supply chain (Kolk & Pinkse 2005), impacting supply 
chain emissions. It is also possible that a firm may experience a positive spillover in 
emissions reduction, for example, from the suppliers that are technologically innovative 
or are located in regions with strict environmental regulations. Spillover effects can 
happen during horizontal interactions as well. For example, fierce competition and a 
desire to attract green consumers may raise the green awareness of the industry, 
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motivating industry-wide emissions reduction. In another example, World Wildlife Fund 
(WWF) and HP launched an innovative partnership to leverage the power of advanced 
information technologies to reduce GHG emissions (HP, 2016).  
A firm-centric view is limited to understand the effectiveness of GHG emissions 
reduction. This is because a firm’s environmental responsibility also covers its supply 
chain partners (Sodhi, 2015), and other partners, through different types of interactions 
(Kolk & Pinkse, 2005). There are exceptions however. For instance, K.-H. Lee (2011) 
study the case of Hyundai Motor Company and illustrate the importance of integrating 
carbon footprint into supply chain management. Plambeck (2012) show how Wal-Mart 
works with suppliers to reduce GHG emissions in its supply chains. Jira and Toffel 
(2013) examine supplier disclosure of climate change information, and find that how 
buyers use such information is important, so as the industries and geographic regions of 
suppliers. Klassen and Vachon (2003) indicate that supply chain collaboration affects a 
firm’s level of engagement in pollution prevention, while Caro, Corbett, Tan, and 
Zuidwijk (2013) suggest that GHG emissions are the result of joint efforts and hence a 
methodology of double counting can help induce optimal emissions reduction efforts.  
Despite a growing interest in the literature, the spillover effects along the supply 
chain and across firms are understudied. Such spillovers are important because supply 
chain activities and activities carried outside of a firm’s supply chains, and the respective 
GHG emissions they generate, are connected across members through the vertical and 
horizontal relationships. Overlooking the interactions with other parties may lead to 
underestimating a broad range of impacts from and on the GHG emissions reduction 
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efforts by a firm. Hence, this dissertation aims to help companies better understand how 
GHG emissions reduction can influence or be influenced by other parties.  
Spillover Effect and Endogenous and Exogenous Channels  
In the economics literature, a spillover effect of an economic activity refers to an 
indirect effect upon non-target participants (Shapley & Shubik, 1969). Consider a 
situation where interventions are launched to enhance the welfare of a specific target 
population; the target population is directly treated and affected in this case. However, 
the target population may be a subset of the local economy or of local institutions, and 
the local non-target population can be indirectly affected by the interventions through 
economic and social interactions with the treated. The effect of the interventions on the 
non-target subjects is a spillover effect. The existing literature in the supply chain and 
strategic management literature has studied spillover effects in different contexts. For 
example, studies have shown spillovers of geographic proximity on firm research and 
development investment (Audretsch & Feldman, 1996), spillovers on product innovation 
of supplier integration (Petersen, Handfield, & Ragatz, 2005), spillovers on knowledge 
and learning under supply chain collaboration (Dong & Dresner, 2012), and spillovers on 
productivity of foreign direct investment (Smarzynska Javorcik, 2004). In the context of 
GHG emissions, researchers have examined the spillover effect at a country or an 
industry level to understand how domestic or sector policies to mitigate GHG emissions 
will affect other countries or sectors (IPCC, 2007). Such a spillover effect, however, has 
not been studied at a firm level by considering the vertical and horizontal relationships, 
particularly in the context of GHG emissions reduction, which is the focus of this 
dissertation.  
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In the literature a spillover effect can be triggered by interventions that can be 
considered as either endogenous or exogenous, also known as endogenous channels, i.e., 
factors, and exogenous channels, i.e., factors (Levin, 1988; Serpa & Krishnan, 2017). I 
provide a figure below to illustrate these factors and the resulting spillover effects at a 
firm level by considering vertical and horizontal relationships (see Figure 2).  
Figure 2  
Spillover Effect and Endogenous and Exogenous Channels 
  
First, consider a specific context of interest such as quality management or 
productivity improvement (Muthulingam & Agrawal, 2016; Serpa & Krishnan, 2017). 
Firms, and their supply chain partners, i.e., vertical partners, or partners beyond supply 
chains, i.e., horizontal partners, interact in the system of this specific context. Here the 
system consists of an economic activity, the target participants, and the non-target 
participants connected with the target participants through other interactions. An 
endogenous factor refers to any decision, policy, or program of a firm that is relevant to 
this specific context and targets at the firm itself. An endogenous spillover is therefore 
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the effect caused by an endogenous factor on non-targeted parties. For example, a firm 
engages in programs to improve its product quality, which may help improve its suppliers’ 
quality management, via daily interactions (Muthulingam & Agrawal, 2016). In this case, 
the context of interest is quality management; the endogenous factor is the firm’s 
engagement in quality improvement programs, and the endogenous spillover effect refers 
to the impact on the firm’s suppliers, the non-targeted parties in this case. An exogenous 
factor, on the other hand, is a contextual characteristic of a firm that is independent of the 
specific context. Such characteristic may be financial, operational, idiosyncratic, or 
structural (Serpa & Krishnan, 2017). An exogenous spillover is therefore the effect 
caused by an exogenous factor on other parties within the system. For example, the 
productivity of a firm’s supplier may be influenced by the focal firm’s geographic 
location when the focal firm is located in a favorable region with good transportation 
infrastructure, commercial regulations, or climatic condition (Serpa & Krishnan, 2017). 
In this case, the context of interest is productivity improvement; the exogenous factor is 
the focal firm’s geographic location, which is independent of the context, and the 
exogenous spillover effect refers to the impact on the focal firm’s supplier. The 
endogenous spillovers are directly caused by interactions, via, for example, collaboration 
and mentoring programs. The exogenous spillovers, on the other hand, are caused by the 
impact of resources, capabilities, and know-hows of other parties that are able to transfer 
back to the focal party through interactions.  
In the context of GHG emissions, I propose that spillover effects can be caused by 
endogenous and exogenous factors, when firms interact with other parties vertically and 
horizontally. Such spillover effects can be either positive or negative, and can include 
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changes in the patterns of economic activities, carbon activities redistribution, knowledge 
sharing, innovation transfer, and green technology diffusion and others (Barreto & 
Kypreos, 2004; Cachon, 2011; Fischer, 2008; IPCC, 2007). To further examine these 
spillover effects, I provide a theoretical framework in the following section that connects 
the levels of interactions with the two types of factors and discuss the resulting spillover 
effects in GHG emissions. 
Theoretical Framework  
Table 2 presents the framework of this dissertation, which is proposed to organize 
spillover effects in the context of GHG emissions reduction based on the firm’s 
interactions with its supply chains and the beyond. The vertical axis of the framework 
differentiates the degree to which companies interact with others. As discussed earlier, 
firms interact with their supply chains (vertical partners) and companies outside the 
supply chains (horizontal partners) through economic and social activities. The horizontal 
axis defines the endogenous channel and the exogenous channel. Four types of spillover 
effects hence exist: vertical-endogenous spillover, vertical-exogenous spillover, 
horizontal-endogenous spillover, and horizontal-exogenous spillover. Figure 3 presents 
the vertical-endogenous and vertical-exogenous spillover effects. Figure 4 presents the 
horizontal-endogenous and horizontal-exogenous spillover effects.  
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Table 2  
Theoretical Framework  
 Endogenous Factor Exogenous Factor 
Firm-Supply 
Chain (Vertical) 
Vertical-endogenous spillover occurs 
when a firm or its supply chain 
partner is engaged in GHG emissions 
reduction via any programs, policies, 
or activities, resulting in positive or 
negative outcomes for the firm or the 
supply chain.  
Example: automobile industry. 
Vertical-exogenous spillover occurs 
through exogenous factors of a firm or 
its supply chain that are independent 
of the GHG emissions reduction, 
resulting in positive or negative 
outcomes for the firm or the supply 
chain.  
Example: consumer package goods 
industry.  
Firm-Beyond 
Supply Chain 
(Horizontal) 
Horizontal-endogenous spillover 
occurs when a firm or its horizontal 
partner is engaged in GHG emissions 
reduction via any programs, policies, 
or activities, resulting in positive or 
negative outcomes for the firm or the 
other party.  
Example: automobile industry and 
electronic product industry.  
Horizontal-exogenous spillover occurs 
through exogenous factors of a firm or 
its horizontal partners that are 
independent of the GHG emissions 
reduction, resulting in positive or 
negative outcomes for the firm or the 
other party.  
Example: utility industry and 
telecommunication industry.  
 
Figure 3  
Vertical-Endogenous and Vertical-Exogenous Spillover Effects  
  
                                     (A)                                            (B) 
Vertical-endogenous spillover. A vertical-endogenous spillover effect occurs 
when a firm or its supply chain partner is engaged in GHG emissions reduction via any 
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programs, policies, or activities, resulting in positive or negative outcomes for the firm or 
the supply chain. In Figure 2(A), the vertical-endogenous spillover is the impact on the 
supply chains caused by an endogenous factor of the focal firm, whereas in Figure 2(B), 
the vertical-endogenous spillover is the impact on the focal firm caused by an 
endogenous factor of the supply chain. For example, automobile companies often focus 
on emissions reduction via collaborative product development. The supply chains may be 
required to readjust to accommodate process changes, thereby taking on more emissions, 
leading to a negative spillover effect on the supply chains. As well, supply chains can 
impose a spillover effect on firms when, for example, the supply chain members 
themselves are dedicated to environmental protection via different programs, and have 
high environmental scores in their environmental responsibility rating, an indication of 
the capabilities, resources and expertise supply chain members possess that could aid in 
emissions reduction. The interactions between the supply chain and the firm thus 
encourage knowledge sharing and learning, leading to benefits and positive spillovers to 
the focal firm.    
Vertical-exogenous spillover. A vertical-exogenous spillover effect occurs 
through exogenous factors of a firm or its supply chain, resulting in positive or negative 
outcomes for the firm or the supply chain. In Figure 2(A), the vertical-exogenous 
spillover is the impact on the supply chains caused by an exogenous factor of the focal 
firm, whereas in Figure 2(B), the vertical-exogenous spillover is the impact on the focal 
firm caused by an exogenous factor of the supply chain. For example, a firm may 
experience a spillover effect on its internal emissions reduction when its supply chain 
members are highly innovative, an exogenous factor of the GHG emissions reduction. 
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R&D-intensive supply chain members may be experienced in technological development, 
which may support the focal firm in developing and implementing green technologies. 
Similarly, a firm can benefit from its suppliers located in regions with high environmental 
standards. The firm can learn the best practices from those suppliers, creating a positive 
knowledge spillover. A firm-induced innovation, such as an IT interface may assist 
supply chain members to better plan and manage their own GHG emissions reduction. 
For example, PepsiCo allows suppliers to access an energy assessment tool, which has 
been developed and adopted by PepsiCo to improve the energy efficiency of its internal 
operations (EPA, 2010). Such a tool is able to help PepsiCo suppliers identify top 10 to 
15 energy conservation opportunities (EPA, 2010). 
Figure 4  
Horizontal-Endogenous and Horizontal-Exogenous Spillover Effects 
  
(A)                                               (B) 
Horizontal-endogenous spillover. A horizontal-endogenous spillover effect occurs 
when a firm or its horizontal partner is engaged in GHG emissions reduction via any 
programs, policies, or activities, resulting in positive or negative outcomes for the firm or 
the horizontal party. In Figure 3(A), the horizontal-endogenous spillover is the impact on 
the firm’s horizontal partner caused by an endogenous factor of the focal firm, whereas in 
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Figure 3(B), the horizontal-endogenous spillover is the impact on the focal firm caused 
by an endogenous factor of the horizontal partner. For example, firms may interact with 
their competitors to purchase emissions credits, as in the case of Tesla and Nissan selling 
emissions credits to other automakers (DeMorro, 2014). The development of new energy-
efficient products, such as the Tesla model S may raise the bar for the environmental 
standard of the auto industry, leading to a stricter industry-wide or state-wide regulation. 
This may lead to a negative spillover effect to other automakers in the industry or 
companies in the state, taking in more emissions credits from companies like Tesla. 
Conversely, advanced technologies developed by one company in an industry may incur 
a positive spillover effect to other parties in the industry if the technology diffuses. This 
is the case when automakers followed suit after Toyota first launched its hybrid model. 
Similarly, emissions offset projects may require firms collaborate with parties located in 
developing countries (Kolk & Pinkse, 2005). This facilitates the transfer of technologies 
and knowledge, motivating learning spillovers. Cross-industry collaboration will also 
encourage spillovers. For example, the Electronic Industry Citizenship Coalition (EICC), 
a nonprofit coalition of electronics, retail, auto and toy companies, allows companies to 
share best practices, and provides a range of training and assessment tools to support 
continuous improvement in supply chain sustainability2. 
Horizontal-exogenous spillover. A horizontal-exogenous spillover effect occurs 
through exogenous factors of a firm or its horizontal partner that are independent of the 
GHG emissions reduction, resulting in positive or negative outcomes for the firm or the 
horizontal party. In Figure 3(A), the horizontal-exogenous spillover is the impact on the 
                                                
2 See http://www.eiccoalition.org/about/ for more information.  
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horizontal partner of a firm caused by an exogenous factor of the focal firm, whereas in 
Figure 3(B), the horizontal-exogenous spillover is the impact on the focal firm caused by 
an exogenous factor of the horizontal partner. Similar to a vertical-exogenous spillover, a 
firm’s highly innovative competitors may create a spillover on the firm’s internal 
emissions reduction. R&D-intensive companies may be innovative in product 
development and process improvement, which can be leveraged by the focal firm in 
emissions reduction. Likewise, other parties can be influenced by a focal firm’s 
innovativeness. A focal-firm-empowered innovation, such as an advanced information 
system, can be leveraged by other parties to reduce their own GHG emissions.  
In the empirical testing chapters, I focus on the vertical case, in which firms 
interact with supply chain members, and I aim to examine the impact of such interactions 
on the GHG emissions performance of both the firm and its supply chains. I leave the 
horizontal case for future research, which will be discussed in the future research section. 
I propose two empirical studies to examine the spillover effect on GHG emissions 
reduction through both the endogenous factor and the exogenous factor. Figure 5 presents 
the focus of the empirical studies. Specifically, Study 1 (Chapter 3) focuses on the 
vertical-endogenous spillover (refer to the red line in Figure 4). The paper studies how a 
focal firm’s GHG emissions reduction can lead to a potential spillover effect to its supply 
chain, and examines the financial implication of this spillover effect on the focal firm. 
Study 2 (Chapter 4) focuses on the vertical-exogenous spillover (refer to the blue line in 
Figure 5). The paper aims to study the impact of a firm’s supply base innovativeness on 
the focal firm’s GHG emissions performance, and the contingent impact of the firm’s 
supply base structure.  
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Figure 5  
Empirical Studies 
                                       
I highlight the contributions of this framework as follows. A detailed discussion is 
presented in Chapter 5. First, research in environmental management, and GHG 
emissions in particular, has emphasized a firm’s internal efforts to reduce GHG emissions 
and the financial impact. The supply chain, and the beyond, have been less discussed in 
the related literature. The proposed framework, therefore, aims to provide a better 
understanding of the role of a firm’s vertical and horizontal partners in GHG emissions 
reduction, and categorize the potential spillovers as a result of their interactions. This is 
an important contribution because the inter-connectivity of supply chain members and 
parties beyond supply chains, and the associated spillovers, provide both challenges and 
opportunities for firms to reduce GHG emissions. Second, spillover effects may happen 
via different channels, leading to different managerial implications for companies. To 
further disclose spillovers in the context of GHG emissions, this framework decomposes 
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the spillovers into four types, namely, vertical-endogenous spillover, vertical-exogenous 
spillover, horizontal-endogenous spillover, and horizontal-exogenous spillover. By doing 
so, this framework contributes to the literature by reducing a complex challenge of GHG 
emissions reduction with multiple parties involved into elementary parts that can be 
better understood (Von Bertalanffy, 1972).   
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CHAPTER 3 
EMPIRICAL STUDY 1: FIRM GHG EMISSIONS REDUCTION EFFECTS AND 
SUPPLY CHAIN SPILLOVERS 
Study 1 empirically investigates the vertical-endogenous spillover effect in GHG 
emissions reduction. Specifically, this study focuses on a firm’s commitment to internal 
GHG emissions reduction as an endogenous factor, and examines the environmental and 
financial effects on both the firm and its supply chains.  
Introduction  
The annual greenhouse gas (GHG) emissions across the globe continue to rise and 
are projected to increase 43 percent by 2035 (EIA, 2010). The primary drivers of such 
emissions growth are economic expansion and increasing use of carbon-based power, 
particularly in industrial activities (Creyts, Derkach, Nyquist, Ostrowski, & Stephenson, 
2007). Major initiatives, such as the Carbon Disclosure Project (CDP) and the Global 
Reporting Initiative (GRI), have focused on industries and firms, exerting pressures on 
them to report their emissions levels and to engage in emissions reduction activities3. 
Similar pressure also comes from increasing governmental regulations, e.g., the 
Environmental Protection Agency (EPA) has begun to regulate GHG emissions under the 
“Clean Air Act” since 20114, and growing consumer awareness of climate change, along 
with increasing desires of society for emissions reduction. The effectiveness of such 
pressures to reduce GHG emissions, however, is unclear, and the interviews with major 
                                                
3 Carbon Disclosure Project (CDP) is an independent not-for-profit organization acting on behalf of 
hundreds of institutional investors, and holds the largest repository of GHG emissions information. The 
Global Reporting Initiative (GRI) developed what is now the most widely used sustainability reporting 
framework around the world.  
4 See https://www.epa.gov/nsr/clean-air-act-permitting-greenhouse-gases for more information. 	
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companies as a part of this research are less encouraging: although firms have 
implemented various emissions reduction programs in response to the government 
regulations and market demand, they are much less financially motivated to make 
substantive efforts. This is surprising, given that prior literature indicates a positive 
impact of emissions reduction efforts on firm financial value (Stuart L. Hart & Ahuja, 
1996; Andrew A. King & Lenox, 2001). Yet consistent with our interview finding, CDP 
also reports that “while a growing percentage of companies responding to the 
questionnaire have set reduction targets — 44 percent in 2015, compared to 27 percent in 
2010 — those companies’ emissions actually increased over the same period of time”5.  
Understanding such conflicting firm behavior in GHG emissions reduction is 
therefore important to address the unanswered questions: Do emissions reduction 
programs improve firms’ GHG emissions performance? On one hand, the rising global 
temperature has posed challenges to many industries6. Companies like Starbucks strive to 
work with limited supplies, e.g., water shortage and scarce resources7. Climate change 
increases the frequency of severe weather, which may disrupt production and 
transportation through airports and seaports, leading to significant delays and substantial 
adaptation (Plambeck, 2012). In particular, as concerns about carbon tax and other 
regulatory policies mount, companies are expected to more seriously engage in emissions 
reduction. Yet on the other hand, the legislative actions toward GHG emissions reduction 
are still far from imminent, and excess GHG emissions may less likely lead to direct 
penalties that result in meaningful financial impact (Brian W Jacobs, 2014). Further, 
                                                5	https://www.greenbiz.com/article/more-companies-are-tracking-carbon-emissions-it-helping	
6 https://www.epa.gov/climate-impacts/climate-impacts-agriculture-and-food-supply	
7 https://www.theguardian.com/business/2011/oct/13/starbucks-coffee-climate-change-threat 
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reduction in GHG emissions may not contribute explicitly to cost savings or efficiency 
gains, leaving companies little motivation to pursue environmental programs. For 
instance, a recent plan in Australia for new coal power plants that helps reduce emissions 
from coal-generated electricity by 27% may cost more than $60bn8. While some firms, 
such as Wal-Mart, have taken the lead to become greener (Plambeck & Denend, 2007), 
there has not been a wave of greater change in firm behavior. Some companies may have 
announced their engagement in emissions reduction just for show, rather than seriously 
investing for the sake of a cleaner environment (A. J. Hoffman, 2005). To better 
understand different firm behaviors in emissions reduction, this paper aims to examine 
the outcome of firm engagement in GHG emissions reduction, both environmentally and 
financially.  
More importantly, GHG emissions effects are not limited to emissions 
performance within a firm; rather, they could very well spill over to the supply chain. 
Tesla is a case in point. The Model S of Tesla has been applauded for its better and 
greener performance, compared with its less energy-efficient peers. Yet battery 
manufacturing for Model S uses aluminum, and therefore incurs a much higher level of 
emissions as aluminum smelting is extremely energy-intense, often taking ten times more 
energy than to produce the same amount of steel9. While Tesla prides itself on its 
environmentally clean products, the company’s supply chain members could take the 
brunt of blame for the higher level of emissions. In fact, the Tesla case highlights a bigger 
issue in GHG emissions reduction effort across industries, that is, as a firm’s activities 
                                                
8 https://www.theguardian.com/environment/2017/jan/27/coal-power-plan-twice-the-cost-of-renewables-
route-emissions-reduction	
9 http://time.com/money/3432529/tesla-electric-environmentally-friendly-aluminum/ 
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and operations can be outsourced to its supply chains, so can its emissions associated 
with such activities. When GHG emissions spread across firm boundaries, it is no longer 
adequate to understand GHG emissions by focusing on the firm’s internal effort and 
performance in emissions reduction. This notion of supply chain spillover has been 
studied in various contexts in the supply chain and management literature. For instance, 
studies have shown that positive spillovers result from product innovation when firms 
integrate their suppliers (Petersen et al., 2005), and that spillovers also occur when 
knowledge and learning are promoted under supply chain collaboration (Dong & Dresner, 
2012). Yet, supply chain spillover of sustainability has been overlooked in the supply 
chain literature, particularly in the context of emissions. It is therefore time to look 
beyond the focal firm and ask: Could a firm’s emissions reduction effort create spillovers 
to its supply chain members? This research takes a broader, supply chain wide 
perspective to examine the relationships between a firm’s GHG emissions reduction 
initiatives and its emissions and financial performance in the supply chain.  
Specifically, from the theoretical perspective of institutional theory, I develop a 
set of hypotheses to address the following research questions: Is a firm’s emissions 
reduction program associated with better internal GHG emissions performance? And 
more importantly, does such a program generate emissions spillovers to the supply chain? 
In addition, what are the financial implications of GHG emissions by a firm and its 
supply chain? Institutional theory argues that firms conform to stakeholder pressures for 
survival and growth. It could then be expected that firms might truly reduce emissions as 
a direct effect of emissions reduction efforts, given increasing awareness of global 
warming by stakeholders. However, when conformity requires costly resources, the 
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tradeoff between conforming to stakeholder expectations and committing to profit 
making may lead companies to engage in opportunistic behaviors (Oliver, 1991; Weaver, 
Trevino, & Cochran, 1999). This is when spillovers may occur, that is, firms may 
relocate part of their emissions to supply chain members who are subject to less public 
scrutiny, as a result of a firm’s emissions reduction efforts. Further, applying the concept 
of “institutional arbitrage” (Surroca et al., 2013), I argue that while firms benefit 
financially from a lower level of internal emissions, a higher level of supply chain 
emissions may in fact help improve firm financial performance via an increased cost 
efficiency from supply chains.  
To investigate the research questions, I analyze data developed from the 
Bloomberg Environmental Social and Governance (ESG) and Compustat databases. I 
focus on the environmental impact of a firm’s emissions reduction program, as well as 
the impact of firm emissions on financial performance. I estimate our models using a 
two-stage instrumental variable (IV) approach to account for endogeneity in emissions 
and from measurement issues in emissions related variables. I also treat for industry 
heterogeneity and autocorrelation in the measurement of emissions. Furthermore, I 
extend the analysis to explore the roles of regulatory and market heterogeneity in 
domestic vs. global markets. I conduct a number of robustness tests using different 
variables for emissions and financial performance.  
I find that a firm’s emissions reduction program may lead to negative supply 
chain spillovers. This is consistent with institutional theory – firms that implement 
emissions reduction programs have a higher level of supply chain emissions. However, 
our results show no effect of emissions reduction programs on firms’ internal emissions. 
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In addition, I find that while internal GHG emissions by a firm are negatively associated 
with firm financial performance, its supply chain emissions can be positively related to 
firm financial performance. These findings suggest that despite the fact that a reduction 
of GHG emissions may help improve financial performance for a firm, its emissions 
reduction effort may not be effective in reducing its own emissions; instead, it may lead 
to relocation of GHG emissions, as spillovers, to the firm’s supply chain, which may help 
improve the firm’s financial performance.  
The rest of the paper is organized as follows: Section 2 provides a brief literature 
review, followed by a discussion of hypotheses; the empirical setting and data are 
described in Section 3. The analysis and results are provided in Section 4. I conclude with 
a discussion of our findings and contributions in Section 5.    
Literature Review and Hypothesis Development  
Empirical research on the relationship between a firm’s environmental management 
effort and environmental performance has been limited, with most focusing on the 
financial impacts of firm environmental performance (Flammer, 2015a). For instance, 
Klassen and McLaughlin (1996) find that winning environmental performance awards 
can be positively associated with a firm’s stock market return. Ortiz-de-Mandojana and 
Bansal (2015) find a positive association between firm environmental practices and long-
term benefits, such as improved financial volatility, sales growth and survival rates, but 
fail to find any significant short-term financial benefits of engaging in such practices. 
Barnett and Salomon (2012), on the other hand, support a U-shaped relationship between 
corporate social performance and corporate financial performance. In the context of 
emissions in particular, researchers also find that emissions reduction can have both a 
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positive and negative impact on firm financial performance (Brian W Jacobs, 2014; 
Kroes et al., 2012). However, most of these studies examine the impact of either toxic 
emissions reduction or firm announcements of emissions reduction, instead of GHG 
emissions. For instance, Stuart L. Hart and Ahuja (1996) and Andrew A. King and Lenox 
(2001) both argue for a positive financial impact of reducing toxic emissions, using data 
collected from the Toxics Release Inventory (TRI), whereas Fisher-Vanden and Thorburn 
(2011) indicate that firm announcement of membership in voluntary environmental 
programs may be associated with negative abnormal returns. Others, such as Hora and 
Subramanian (2013) and Brian W. Jacobs, Singhal, and Subramanian (2010), focus on 
disclosure or announcement types in emissions reduction, such as by comparing the 
announcement of emissions reduction achievement versus intent. Among the few that 
focus on GHG emissions, the main issues are centered on firm announcements rather than 
the actual firm emissions performance. For example, Brian W Jacobs (2014) finds that 
the stock market reacts more positively to announcements of GHG emissions reduction, 
compared with non-GHG emissions reduction. Nevertheless, given an increasing societal 
awareness of climate change, the influence of GHG emissions reduction is much less 
understood beyond the short-term effect of announcements. The real impact of firm 
emissions reduction programs has not been holistically and empirically examined. This 
research aims to bridge the gap in the literature by providing empirical evidence on GHG 
emissions reduction, in particular its relationships with environmental and financial 
performance.  
More importantly, the majority of the previous research has been on the benefits 
and costs of emissions reduction within a focal firm, and the much broader impact of 
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such an effort on the supply chain has been overlooked. The firm-centric view on 
emissions reduction is highly limited as a firm’s environmental responsibility is expanded 
to cover its supply chain partners (Sodhi, 2015). Interestingly, S.-Y. Lee et al. (2014) 
suggest that significant changes in firm environmental requirements can generate 
uncertain spillovers upstream in the supply chain. For instance, when facing pressures to 
promote environmental activities, firms may react by shifting their polluting activities to 
other parties located overseas (Korten, 2015; Surroca et al., 2013). In this case, supply 
chain members of a focal firm receive a negative spillover from the firm’s emissions 
reduction. A spillover effect between a focal firm and its supply chain, although 
understudied in the sustainability literature, has been well discussed in the supply chain 
and management literature, with an emphasis on the benefits from spillovers. For 
example, studies have shown spillovers of geographic proximity on firm research and 
development (Audretsch & Feldman, 1996), spillovers on product innovation of supplier 
integration (Petersen et al., 2005), spillovers on knowledge and learning under supply 
chain collaboration (Dong & Dresner, 2012), and spillovers on productivity of foreign 
direct investment (Smarzynska Javorcik, 2004). The potential negative spillovers in 
supply chains from focal firms, however, have been understudied, particularly in 
sustainability, where firm efforts may be ineffective as a whole if negative spillovers 
dominate. Hence, this research intends to establish the supply chain-wide effect of firm 
GHG emissions reduction.  
I draw from institutional theory and the supply chain management literature to 
support our main arguments. Institutional theory has been commonly applied to discuss 
firm behavior in the context of social responsibility (Campbell, 2007). It has been 
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demonstrated that the economic and social purposes of a firm are to create and distribute 
wealth and value to its primary stakeholder groups, who control important resources (e.g., 
capital, labor) for the firm to survive and grow (M. E. Clarkson, 1995). These stakeholder 
groups may include governmental agencies, NGOs, business partners, investors, 
consumers, and political and trade groups (M. E. Clarkson, 1995). Firms are expected to 
conform to these stakeholders to gain legitimacy, to access resources and improve 
profitability (DiMaggio & Powell, 1983; Dowling & Pfeffer, 1975). Hence, firms are 
likely to commit to environmental protection, such as reducing emissions, when 
stakeholders expect firms to do so. This may help explain why firms, once committed to 
reduce emissions, are often concerned about the outcomes, which can be evaluated by 
firm stakeholders (Matsumura et al., 2013).   
However, institutional theory has also been used to discuss why firms may act in 
socially irresponsibly ways. Although gaining legitimacy is important for growth, it can 
be costly and may require firms to commit costly resources where they do not directly 
contribute to firm financial performance (Campbell, 2007). Given this tradeoff between 
conforming to stakeholders and profit making, firms may engage in opportunistic 
behaviors in response to the pressures coming from stakeholders (Oliver, 1991). For 
instance, Surroca et al. (2013) find that when facing pressures to promote CSR activities, 
multinational enterprises may decouple non-conforming core business practices from 
public scrutiny by placing them in less visible parts of their organizations, such as their 
overseas subsidiaries (Meyer & Rowan, 1977). In this case, organizations give the 
appearance of conformity while saving the potential costs for conformity. This 
“institutional arbitrage”, the behavior of firms to relocate practices to other institutional 
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environments with lower legitimacy requirements to secure the cost advantages as well as 
other benefits (Ghemawat, 2011), is the central theoretical lens to explain the spillover 
effect of firm emissions reduction on supply chains, as well as the implication on firm 
financial performance. I will discuss this in more detail in the immediate section.   
Given the growing, yet limited body of literature on emissions reduction, I draw 
from a broad range of literature from institutional theory, sustainability and supply chain 
management to develop our main hypotheses. The first two hypotheses examine the 
impact of a firm’s emissions reduction program on the environmental performance of the 
firm and its supply chain.  
Research suggests that firms seek endorsement and support from their 
stakeholders, who have influence over firms’ survival and sustained operations 
(DiMaggio & Powell, 1983; Pfeffer & Salancik, 2003). By conforming to stakeholders’ 
pressures and expectations, firms increase legitimacy, which facilitates firms’ access to 
resources and improves profitability (Dowling & Pfeffer, 1975). Competing in markets 
with increasing awareness of global warming, firms may establish their emissions 
reduction initiatives to conform to the pressure from various stakeholder groups, such as 
governmental regulators, business partners, NGOs, and the consumer market (Deutsch, 
2007). Given the role of stakeholders in influencing management decisions (Rowley, 
1997), I posit that stakeholder pressure on GHG emissions reduction will prompt firms to 
commit to emissions reduction programs. 
Having an emissions reduction program should convey a positive signal to 
stakeholders about conformity, which will reward firms with stakeholder favorability and 
thus improved financial value. Although there is no legally binding regulation on GHG 
  38 
emissions, the federal and state governments have increasingly become aware of the 
impact of GHG emissions. As future regulatory policies are becoming more likely, firms 
need to act for future compliance to avoid potential penalties and costs (Reid & Toffel, 
2009). Business partners with more proactive sustainability objectives also encourage or 
require firms to exert joint efforts toward emissions reduction goals (Jira & Toffel, 2013). 
Some companies have included emissions performance as a part of the evaluation criteria 
for partnership. Vodafone and Dell have based 20% of supplier’s score on sustainability 
issues when selecting suppliers10. Firms that fail to meet requirements of emissions 
performance may be less desirable for future collaboration. NGOs as stakeholders are 
also demanding firms to disclose emissions performance, therefore adding pressures to 
the firms. The CDP has worked extensively with companies to obtain firm emissions data 
and publish reports of firm emissions performance ranking11. Third-party organizations 
such as the Electronic Industry Citizenship Coalition (EICC) audit companies for their 
emissions efforts to check for accountability. More importantly, the growing 
environmental consciousness of consumers will affect firm brand building and brand 
recognition (Straughan & Roberts, 1999). With firm GHG emissions levels more 
accessible and observable in the marketplace (e.g., through corporate social responsibility 
reports or public relation efforts), consumers can evaluate and compare firm emissions 
performance with minimum effort. Environmentally conscious consumers are savvy 
observers and often seriously responsive to firms’ actions, which can lead to a real impact 
on firm behavior and emissions performance (Carrigan & Attalla, 2001).  
                                                
10 http://midwestenergynews.com/2013/05/23/suppliers-follow-wal-marts-lead-to-reduce-carbon-emissions/	
11 https://www.cdp.net/en	
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Hence, I believe that once committed to having an emissions reduction program, 
firms may reduce their own emissions to conform to stakeholder expectations given both 
the importance of stakeholders as well as their ability to evaluate firm efforts. In 
particular, during the initial stages of emissions reduction, “low hanging fruits” are 
available for firms to reduce emissions easily and inexpensively (Brian W Jacobs, 2014). 
As evidenced by the CDP, many companies in the electronics industry have identified 
alternative sources of energy, such as price-competitive renewables, that are more 
emissions-friendly to help reduce internal emissions, while incurring lower 
implementation costs12. In this case, I would expect a negative relationship between a 
firm’s emissions reduction program and its total internal GHG emissions. To capture a 
firm’s total internal GHG emissions, I define the total internal GHG emissions of a firm 
as the sum of the firm’s Scope 1 emissions and Scope 2 emissions13, both of which 
represent emissions directly generated from firm activities. Hence, I hypothesize:  
H1: A firm’s emissions reduction program is negatively associated with its internal GHG 
Emissions.   
The following hypothesis extends the above relationship from within a firm to the 
firm’s supply chains. I argue that a firm’s emissions reduction program may generate a 
spillover effect toward its supply chain members; and more specifically, a positive 
relationship between a firm’s emissions reduction program and Scope 3 emissions.  
Scope 3 emissions, by definition, capture a firm’s indirect emissions from its 
supply chain activities, and include emissions generated from both upstream and 
                                                
12 See https://www.epa.gov/sites/production/files/2015-07/documents/managing_supplychain_ghg.pdf for 
more information.  
13 See http://www.ghgprotocol.org/calculation-tools/faq for definitions on Scope 1 and Scope 2 emissions 
and how they are calculated.  
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downstream supply chain activities14. While firms investing in emissions reduction 
programs may improve emissions performance (Brian W Jacobs, 2014; Klassen & 
McLaughlin, 1996), many programs have also been found costly to implement and 
sustain, negatively affecting firm profitability (Kroes et al., 2012; Palmer, Oates, & 
Portney, 1995; Noan Walley & Bradley Whitehead, 1994). To reduce emissions, firms 
allocate a variety of costly resources, often with changes in operations processes and 
strategies. Specifically, firms may need to invest in redesigning products, technologies, 
and operations, and to commit to continuous monitoring of operations processes, worker 
training and environmental auditing. These changes may reduce emissions levels, yet 
may increase costs at the same time (Klassen & McLaughlin, 1996). For example, 
making use of carbon capture and storage (CCS) technology can be effective to reduce 
carbon pollution, but the investment is prohibitively high15. As a result, firms that invest 
in this type of emissions reduction program may incur a high upfront cost that hurts firm 
financial performance. Nevertheless, with increasing market awareness of GHG 
emissions associated with climate change, mounting pressures from the stakeholders, 
e.g., customers, investors, and NGOs force firms to address their internal GHG emissions. 
The stakeholders expect firms to evaluate and report on the risks and opportunities of the 
companies with respect to climate change, and to take actions to address them. 
Institutional theory predicts that legitimacy among stakeholders facilitates firms’ 
survival and growth, yet when gaining legitimacy is too costly for firms, they may react 
by engaging in opportunistic behaviors that help mitigate the conflict (DiMaggio & 
                                                
14 See http://www.ghgprotocol.org/standards/scope-3-standard for more information on Scope 3 emissions.  15	http://www.lse.ac.uk/GranthamInstitute/faqs/how-much-will-it-cost-to-cut-global-greenhouse-gas-
emissions/	
  41 
Powell, 1983; Surroca et al., 2013). Moreover, the concept of “institutional arbitrage” 
shows that firms may relocate their practices to other countries with lower legitimacy 
requirements to secure the cost advantage offered by the host countries’ institutional 
environment (Ghemawat, 2011; Surroca et al., 2013). This can secure a firm’s reputation 
but does not sacrifice its bottom line. Applying this logic, I suggest that, when emissions 
reduction programs are costly and time-consuming, firms may increase transfer of 
emitting operations elsewhere to gain legitimacy while at the same time achieve cost 
advantages (Rose, 2007; Scherer & Palazzo, 2008; Witt & Lewin, 2007). The supply 
chain members of firms become a natural target for firms to “arbitrage” their emissions 
because they are subject to less public scrutiny related to the firms’ emissions, and may 
be located in regions or countries with lower degrees of environmental regulations and 
costs. As there is no legal obligation for firms to reduce emissions, firms may start 
emissions reduction programs with an appealing public profile, only to, for example, 
outsource the “dirty work”, e.g. production or transportation that heavily pollutes the 
environment, to their supply chain members across the globe (Levinson, 2009). As a 
result, such firms give the appearance of conformity, retain or even enhance legitimacy in 
the eyes of stakeholders, while at the same time reaping cost benefits (Weaver et al., 
1999). The “pollution haven hypothesis” is a good example, which indicates that firms 
may outsource polluting activities, e.g., production, to countries where both the visibility 
of supplier activities and stakeholder expectations are lower, thus gaining advantages in 
labor costs, capital costs and other expenses (Copeland & Taylor, 2004; Madsen, 2009). 
In this case, suppliers that assume high polluting production processes are the receiving 
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party of a negative spillover effect of emissions reduction programs from firms in 
countries with stringent regulations on natural environments.  
Yet for supply chain members, the lack of visibility in the market may soften 
potential penalties from the market and reduce their burdens in GHG emissions; the 
transferred operations, seen as unacceptable environment-wise or cost-wise at firms’ side, 
may be considered acceptable at these members’ side; and the power structure in a supply 
chain relationship may dictate its acceptance of such reallocation of emissions, 
particularly when supply chain members can manage such operations more cost 
efficiently, or be offered contractual incentives, justified with the financial gains, by the 
focal firm (Baden, Harwood, & Woodward, 2009; Witt & Lewin, 2007). By externalizing 
emissions to their supply chain members, companies with a less-visible supply chain can 
remove the burden by reducing their own emissions and allocating resources to value-
added activities while still being perceived as “environmentally friendly” in the market. 
As a result, a firm’s emissions reduction program may be associated with a higher level 
of supply chain emissions, i.e., Scope 3 emissions. Hence, I hypothesize:  
 H2: A firm’s emissions reduction program is positively associated with its Scope 3 
emissions.  
The following two hypotheses focus on the relationships between environmental 
performance and firm financial performance. Previous research has investigated whether 
“it pays to be green”, but the potential economic benefits of environmental performance 
are unclear, with mixed findings reported in the literature. A positive relationship 
between environmental performance and firm financial performance has been reported by 
Stuart L. Hart and Ahuja (1996), Klassen and McLaughlin (1996), Andrew A. King and 
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Lenox (2001) and Brian W Jacobs (2014). Specifically, using CDP data from 2006 to 
2008, Matsumura et al. (2013) find that, on average, for every additional thousand metric 
tons of GHG emissions disclosed by firms, firm value decreases by $212,000. These 
results suggest that the market penalizes firms for their emissions. Better environmental 
performance, such as a lower emissions level, could help firms gain a reputation in the 
market to appeal to an environmentally conscious public, and strengthen positive 
perceptions among stakeholders. Strong market appeal and stakeholder appreciation will 
improve firm financial performance. In addition, investing in emissions reduction may 
eventually reduce waste and increase energy efficiency, as new and advanced 
environmentally friendly technologies may also be cost and energy efficient and reliable, 
which further reduces risks of liabilities (Brian W Jacobs, 2014; Porter & Linde, 1999).  
Nevertheless, some researchers also suggest a negative association between 
environmental performance and firm financial value (Fisher-Vanden & Thorburn, 2011; 
Kroes et al., 2012; Noah Walley & Bradley Whitehead, 1994). They argue that emissions 
reduction is considered divergent from corporate core strategies and may spur negative 
market reactions. For instance, reducing emissions may require allocation of scarce 
corporate resources, which is done at the expense of shareholders, especially when these 
resources are more costly while not contributing directly to the corporate value 
proposition (Matsumura et al., 2013). This “misallocation” of resources would reduce 
efficiency, and therefore the value, of the firm, leading to negative reactions from the 
stock market.  
Despite the conflicting arguments in the literature, I believe that a reduction in a 
firm’s internal GHG emissions is positively associated with long-term firm financial 
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performance because of its role in revenue generation and, to a certain extent, cost 
efficiency. First, the increasingly environmentally-conscious stakeholder community, e.g., 
NGOs, business partners, consumers and market, values more of a firm’s serious 
engagement in GHG emissions reduction and are increasingly better informed of firms’ 
conformity with their expectations. By evaluating firm emissions levels directly from 
public sources, such as news releases and corporate reports, the stakeholders reward 
higher performing firms and penalize the lower ones with market shares and revenues 
(Matsumura et al., 2013). In addition, GHG emissions reduction efforts may be 
accompanied by reductions in risks and costs (Fisher-Vanden and Thorburn 2011; Kroes, 
Subramanian and Subramanyam 2012). For instance, the recent Paris Climate Agreement, 
and the possible introduction of a carbon price, suggests that companies with a lower 
total emissions level may be less exposed to potential liabilities from excess emissions, 
which could make them more attractive partners for future business16. Further, as 
emissions may often represent inefficiencies such as waste of energy and material, a 
better emissions performance may indicate a reduction of wastes and an improved 
efficiency, both of which contribute to a firm’s bottom line. Hence, I hypothesize:   
H3: A firm’s internal GHG emissions level is negatively associated with the firm’s 
financial performance. 
As a firm’s emissions reduction effort may spill over to its supply chain, the 
emissions in the supply chain may also be related to the firm’s financial performance. A 
major source of value the supply chain contributes to the firm’s financial performance is 
low costs of the transactions (e.g., products and services) between the firm and its 
                                                16	See http://finance.yahoo.com/m/21a2c8b9-caef-38ae-af5a-b4d36a6f889d/ss_a-price-on-carbon-may-
be.html for more information on carbon price.		
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suppliers. However, reducing supply chain emissions will cost suppliers, which may lead 
to higher prices for the products and services sold to the firm. Previous research and 
anecdotal evidence have discussed this tradeoff between cost and emissions (Kroes et al., 
2012). Firms, regardless where they are in the supply chain, are often reluctant to reduce 
emissions because of cost concerns17. For suppliers in the upstream supply chain, for 
example, serious concerns over costs are more prevalent: according to a survey 
conducted by the CDP, “of 2,363 suppliers surveyed, only 29 percent are experiencing 
emissions savings year over year.”18 This tradeoff dictates that lower emissions at higher 
costs may not be desirable for suppliers without adequate compensation from the firm. In 
other words, maintaining a higher level of GHG emissions is justifiable for the suppliers 
from the perspective of cost efficiency, which is also beneficial to the firm if the lower 
cost in the supply chain can be transferrable toward the firm’s bottom line. The 
combination of low costs and high emissions have been commonly observed and 
discussed in the context of emerging markets offshoring. When domestic climate 
mitigation policy is more costly in containing emission levels, firms often offshore their 
production to pollution havens – countries with lax environmental regulations, which 
bring firms cost benefits (Plambeck, 2012; Reinaud, 2008). This argument is aligned with 
what the CDP has found: “many companies have effectively outsourced their emissions to 
their supply chain and, particularly, to emerging markets," said Galvin, who heads the 
CDP’s Supply Chain Program19.    
                                                
17 https://www.greenbiz.com/article/more-companies-are-tracking-carbon-emissions-it-helping	
18 http://midwestenergynews.com/2013/05/23/suppliers-follow-wal-marts-lead-to-reduce-carbon-emissions/ 19	https://www.greenbiz.com/article/more-companies-are-tracking-carbon-emissions-it-helping	
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Given this tradeoff, I argue that a higher level of supply chain emissions, i.e., 
Scope 3 emissions, may benefit firms through cost efficiencies. Although focal firms are 
often expected by stakeholders to seriously reduce emissions, supply chain members are 
subject to lower expectations of environmental performance and less public monitoring. 
In particular, many supply chain members of firms are located in offshore locations with 
loose environmental regulations, low stakeholder engagement, and low visibility and 
market awareness (Kostova, Roth, & Dacin, 2008). With less burden and pressure to 
reduce emissions, supply chain members may focus on increasing cost savings rather 
than improving environmental performance. As a result, a higher level of Scope 3 
emissions may represent the cases where suppliers operate under high cost efficiency and 
thus with high GHG emissions. For these “efficient” suppliers, maintaining the high level 
of emissions is justified with the low operational costs, such as low labor and supply 
chain costs, which can be translated to lower prices paid by focal firms. As such, focal 
firms can benefit financially from a supply chain with a high level of GHG emissions.      
While it is possible that stakeholders may be concerned about a firm’s supply 
chain emissions performance, I believe that they generally lack visibility of the 
environmental performance of the suppliers of large firms because it is impossible to 
monitor all supply chain members of large corporations (Clinard & Yeager, 2011). In 
addition, even when the market is aware of a firm’s supply chain emissions, the lower 
expectation toward the environmental performance of supply chains, compared with that 
of the focal firm, protects the firm from being severely penalized. Hence, a higher level 
of Scope 3 emissions can be positively associated with financial performance of the focal 
firm, via an associated cost advantage from supply chain members. Hence, I hypothesize:    
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H4: A firm’s level of Scope 3 emissions is positively associated with the firm’s financial 
performance. 
Empirical Setting and Data  
This section describes our data and collection method. The empirical literature in 
emissions is primarily based on data collected as a part of the Carbon Disclosure Project 
(CDP), an international organization based in the U.K. that focuses on collecting and 
disclosing information on greenhouse gas (GHG) emissions of major corporations. 
Similar information has also been collected and made available via Bloomberg and other 
data providers such as Thompson Reuter. In this research, I develop a sample from 
Bloomberg’s Environment, Social, and Governance (ESG) data. In particular, the primary 
measures for emissions, “TOTAL_GHG_EMISSIONS and GHG_SCOPE_320,” are 
collected by Bloomberg directly from company filings, reports, and other company-
reported public information. All GHG emissions data in Bloomberg has source 
documentation connected to published company reports where the information is 
extracted to ensure validity and traceability. In addition, Bloomberg ESG data also 
contain some measures published by the CDP,21 which allows for a cross check between 
the two sources. Annual data for the period of 2005-2015 were extracted from Bloomberg 
and matched to firms’ financial performance from the Compustat database. The final 
sample is an unbalanced panel dataset of 1,023 firm-year observations for 234 unique 
firms in 16 industry segments (based on 2-digit NAICS codes).  
                                                
20 “TOTAL_GHG_EMISSIONS” is a variable provided directly by Bloomberg ESG and is calculated as the 
sum of “GHG_SCOPE_1 “and “GHG_SCOPE_2”, both of which are also collected by Bloomberg.  21	“Scope 1 Activity Emissions Globally” and “Scope 2 Activity Emissions Globally”, respectively.	
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Reporting and Measurement Error. In this section, I will discuss the reporting and 
measurement issues in the emissions data. Such issues have been raised as a main 
concern of the CDP data (Blanco, Caro, and Corbett (2016c); Huang, Weber, and 
Matthews (2009); and Matthews, Hendrickson, and Weber (2008). This concern needs to 
be addressed with our dataset developed from Bloomberg ESG because of the similarities 
between the data sources. I compare the emissions variables collected from Bloomberg 
ESG and CDP, and show that while different, these variables are largely equivalent in 
values and distributions. However, I believe the concern with the Bloomberg data is less 
serious compared with the CDP data given the Bloomberg data collection methods, 
which will be discussed in detail.  
Bloomberg ESG and CDP. The emissions data collected by Bloomberg and the 
CDP follow the GHG Protocol developed by The World Business Council (WRI), whose 
Greenhouse Gas Protocol is considered an authoritative source of emissions reporting 
standards and has been widely used by a wide range of industries. While CDP sends out a 
questionnaire to firms each year to collect information on firm emissions, Bloomberg 
relies on multiple data sources, such as annual reports, firm 10-Ks, Corporate 
Responsibility or Sustainability reports, website releases, Global Reporting Initiative 
(GRI) indexes, and definitive proxy statements (i.e., DEF 14A) (Source: Bloomberg ESG 
team) 22. Major companies, such as Merck, Co., often use CDP survey results on GHG 
emissions in annual reports as a part of “Corporate Sustainability”, which is one of the 
sources that Bloomberg relies on to collect firm emissions information. In such cases, the 
emissions information can be the same between the two sources.  
                                                22	Bloomberg ESG Team, email exchanges with Morgan Tarrant (BLOOMBERG/ 120 PARK) 
mtarrant2@bloomberg.net as of Feb. 17, Feb. 29, and Mar. 28, 2016.	
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Sometimes, however, companies report on different operational scope or some 
division of their operations, which may lead to different emissions reports between 
Bloomberg and CDP. This is because Bloomberg ESG requires that over 80% of global 
operational scope be reported to be considered company-level information. In addition, 
the CDP collects data for the calendar year while Bloomberg does so for the fiscal year 
(with a 2-month flexibility window for companies with a calendar year that is close to 
their fiscal year). In these cases, companies can report a different figure to CDP than to 
Bloomberg (Source: Bloomberg ESG Team)23. 
To examine the differences between the two data sources, I conducted two 
analyses. First, using the 1,023 firm-year observations reporting Scope 1 and 2 emissions 
and by both CDP and Bloomberg from 2005 to 2015, I checked for correlations and 
conducted paired t-tests between the two sources. The correlation of total emissions, i.e. 
the sum of Scope 1 and Scope 2 emissions, is high (r = 0.95). The t-value is equal to -
0.26 for the difference between the CDP and Bloomberg source, with Pr (|T| > |t|) equal 
to 0.79. Thus at 95% confidence, I could not reject the null hypothesis that the mean 
difference of these two paired measures is 0. To further examine the differences between 
the two data sources on supply chain emissions, I extracted the data from 2012 to 2015 
from both Bloomberg ESG and CDP24. A comparison of Scope 3 emissions, based on 
482 firm-year observations, between the two suggested that they were highly correlated 
(r=0.95), demonstrating consistency between the two data sources25. I also performed a t-
                                                
23 Bloomberg ESG Team, email exchanges with Morgan Tarrant (BLOOMBERG/ 120 PARK) 
mtarrant2@bloomberg.net as of Feb. 17, Feb. 29, and Mar. 28, 2016. 
24 I acknowledge the help from Arizona State University to obtain the CDP data. In addition, the CDP data 
only have Scope 3 data available since 2012.  
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test between the two sources for Scope 3 emissions, the result of which suggests that 
there is no significant mean difference between the two data sources - the t-value is equal 
to 1.00 for the difference between the CDP and Bloomberg source, with Pr (|T| > |t|) 
equal to 0.32. The test results suggest that there is no statistical difference between the 
two data sources. However, I believe that Bloomberg may capture the emissions data 
more comprehensively and objectively, given its access to a wide range of firm public 
reports, as indicated earlier.  
Measurement Error. Although there is no statistical difference between the 
measures of GHG emissions from Bloomberg ESG and CDP, prior literature indicates 
that CDP data of Scope 3 emissions may contain errors from reporting limitations. Such 
issues may also exist in Bloomberg. Applying a model based on the Environmental Input-
Output Life-Cycle Assessment (EIOLCA) framework, Blanco et al. (2016c) find that 
firms that have reported to CDP, on average, reported 22% of their estimated full scale 
Scope 3 emissions in 2013. Huang et al. (2009) also find that Scope 3 reporting varies 
widely across industries. To better understand the reporting process of Scope 3 emissions, 
I interviewed companies and found that firms, such as those in the computer industry, are 
fairly confident in their Scope 1 and 2 emissions reporting, but may be uncertain about 
the Scope 3 emissions because data availability at suppliers may be limited. Suppliers 
may not fully understand or possess proper techniques to measure their emissions, or may 
be unwilling to share information with firms due to confidentiality concerns26.  
Such reporting limitations raise concerns of measurement errors, also known as 
errors-in-variables (EIV), for Scope 3 from the CDP. Because of the similar data sources 
                                                
26 This statement is based on our interviews with one of the major electronic product companies. The 
interview document can be available upon request.    
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and high correlations between the Scope 3 values in the CDP and Bloomberg, Bloomberg 
Scope 3 data need to be used with treatments of potential measurement errors. Classical, 
linear EIV can be corrected as a special case of endogeneity (X. Chen, Hong, & 
Nekipelov, 2011; Hausman, 2001). A classical measurement error is an error that is 
independent of the true variable. As stated in Hausman (2001), “the error of 
measurement is uncorrelated with the true variable and is uncorrelated with the 
stochastic disturbance in the regression specification.” To further understand 
measurement errors involved in Scope 3, I examined the GHG Protocol followed by the 
CDP surveys and Bloomberg in reporting their emission levels. According to Matsumura 
et al. (2013), “the markets can assess the credibility of the firm reporting data in CDP by 
comparing them to similar data from other firms in the same industry, and some of the 
data may be assured. Further, although responding to the CDP questionnaire is 
voluntary, once a firm decides to participate, it is significantly more likely to participate 
in the future. These repeated interactions between the CDP and the firm will generally 
increase the cost of reporting untruthfully, particularly as more firms in the industry 
decide to report and assurance of emissions becomes more widespread. Untruthful 
reporting that is eventually revealed can damage the firm’s overall reporting credibility 
and expose it to litigation risk (p.701).” In addition, though the level of accuracy, 
methodology, scope and methods for how GHG are measured and reported can vary from 
firm to firm and from one year to the next, looking at emissions over an eleven-year 
period (i.e., 2005 to 2015), and for more than 250 firms, can reduce the overall level of 
error and give a reasonable level of information on how firm GHG emissions reduction 
efforts are changing and what potential impacts are (Moorhead & Nixon, 2014). 
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More importantly, after examining firm reports and third party sources used by 
the CDP and Bloomberg, I find the measures to be carefully calculated and often audited 
by or even outsourced to third party specialists. For example, the electronics industry has 
been working with the EICC to audit supplier sustainability performance and share 
relevant data27. In addition, the CDP has had success in leveraging institutional investors 
to encourage firms to better disclose their Scope 3 emissions (Blanco, Caro, & Corbett, 
2016b; Kolk et al., 2008). More importantly, the concerns for underreporting of Scope 3 
are primarily based on industry level input-output tables; and industry level GHG 
emissions are then allocated toward firms and their supply chains based on financial 
outputs (Huang et al., 2009; Matthews et al., 2008). The lack of visibility for the entire 
supply chain and how far upstream should GHG emissions be measured are the main 
culprits for the underreporting by firms and suppliers (Busch, 2010, 2011; V. Hoffman & 
Busch, 2008). However, not only is allocating emissions to supply chains based on 
financial outputs inaccurate, but this study focuses on the firms’ internal emissions and 
the direct spillovers to the suppliers; therefore the potential underreporting issue further 
upstream in the supply chain is of a lesser concern. In other words, as long as Scope 3 
emissions adequately capture emissions from the first-tier suppliers, which is likely the 
case given the higher visibility of these suppliers to the focal firm, any spillover effect 
based on Scope 3 should be sufficient to support the hypotheses. 
Nonetheless, I address this measurement issue as EIV and an effective approach is 
to treat it as an endogenous variable and use instrumental variables (X. Chen et al., 2011; 
Hausman, 2001). However, a major challenge with this approach is that instruments are 
                                                27	See http://www.eiccoalition.org/ for further information.	
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often “weak” in the presence of measurement errors.  As indicated by Hausman, “weak 
instrument problems arise when the instruments do not have a high degree of explanatory 
power for the mis-measured variables, when the size of the mis-measurement is large or 
when the number of instruments becomes large”(Hausman, 2001, p.60). I will address 
this issue in the model configuration and discuss in detail the treatment of the 
measurement error, industry heterogeneity and time heterogeneity of GHG emissions 
reporting in the Section 4.  
Econometric Model and Variable Description. I test the study’s hypotheses by 
constructing the following econometric models (note that all continuous variables are log 
transformed to correct for skewness): log 𝑅𝑂𝐴!"!! = 𝛽! + 𝛽! log 𝑇𝑂𝑇𝐴𝐿_𝐸𝑀𝐼𝑆𝑆𝐼𝑂𝑁𝑆!" + 𝛽! log 𝑆𝐶𝑂𝑃𝐸3_𝐸𝑀𝐼𝑆𝑆𝐼𝑂𝑁𝑆!" +𝜷!𝒁𝒊𝒕!𝟏  + 𝜀!"!!          (1) log (𝑆𝐶𝑂𝑃𝐸3_𝐸𝑀𝐼𝑆𝑆𝐼𝑂𝑁𝑆!") = 𝛼! + 𝛼!𝐸𝑅!" + 𝜶!𝑾𝒋𝒕 + 𝜔!"                                         (2) log (𝑇𝑂𝑇𝐴𝐿_𝐸𝑀𝐼𝑆𝑆𝐼𝑂𝑁𝑆!") = 𝜇! + 𝜇!𝐸𝑅!" + 𝝁!𝚾𝐤𝐭 + 𝛾!"                (3)  
In equation (1), Z is a vector of control variables (ASSETS, 
CAPITAL_INTENSITY, LEVERAGE, and firm fixed effects), and 𝜀 is the error term, 𝛽! 𝑎𝑛𝑑 𝛽! are coefficients of interest in our model. 𝜷! is a vector of coefficients of 
control variables. In equation (2) and (3), both W and X are vectors of control variables 
(ASSETS, CAPITAL_INTENSITY, and time fixed effects), and 𝜔 and 𝛾 are error terms for 
each equation. 𝛼!,𝛼!,𝑎𝑛𝑑 𝜇! are coefficients of interest to be estimated. 𝜶! and 𝝁! are 
vectors of coefficients of control variables.  
To be consistent with previous research, I use return on assets (ROA) as the 
dependent variable for firm financial performance, calculated as the ratio between firm 
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net income and total assets (Stuart L. Hart & Ahuja, 1996), and collected from the 
Compustat database. The main independent variables, collected from Bloomberg ESG, 
include: 1) total internal GHG emissions, 2) Scope 3 emissions, and 3) emissions 
reduction program. Greenhouse gases (GHG) are defined as those gases that contribute to 
the trapping of heat in the Earth's atmosphere, such as Carbon Dioxide (CO2), Methane, 
and Nitrous Oxide28. The total internal GHG emissions (TOTAL_EMISSIONS) is defined 
as “the combination of Scope 1 and Scope 2 emissions; Scope 1 Emissions are emissions 
from sources that are owned or controlled by the reporting company, and Scope 2 
Emissions are emissions that are a consequence of the activities of the reporting 
company, but that occur at sources owned or controlled by another entity” (Source: 
Bloomberg). Scope 3 emissions (SCOPE_3_EMISSIONS) are “all non-Scope 2, indirect 
emissions, such as the extraction and production of purchased materials and fuels, 
transport-related activities in vehicles not owned or controlled by the reporting company, 
electricity-related activities (e.g. Transmission & Distribution losses) not covered in 
Scope 2, outsourced activities, waste disposal, and etc.” (Source: Bloomberg). In 
essence, SCOPE_3_EMISSIONS captures a firm’s indirect emissions related to supply 
chain activities29. The emissions reduction program (ER) is a dummy variable indicating 
whether the company has planned for or implemented any initiatives to reduce its 
environmental emissions in its annual reporting period, with 1 (0) representing yes (no). 
These initiatives may include use of alternative energy-efficient fuels, reduction of 
                                                
28 EPA. 2012a. Greenhouse Gases Overview. Available at 
http://www.epa.gov/climatechange/ghgemissions/gases.html (accessed date July 15, 2012). 
29 See http://www.ghgprotocol.org/ for more information.		
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electricity use, redesign of product and operations technology aimed at minimizing 
emissions, and worker training and environmental auditing.  
I also include major control variables to account for firm-level heterogeneity. 
Specifically, Total Firm Assets (ASSETS) is a measure of firm size and is a control 
variable in all equations (Dowell, Hart, & Yeung, 2000; A. King & Lenox, 2002; Kroes 
et al., 2012; Vachon & Klassen, 2008). Large firms may likely have better firm 
performance but may also have a higher level of emissions, both internally and externally, 
due to the scope of their operations. Leverage (LEVERAGE) is a control at equation (1), 
which represents firm debt burden. I define LEVERAGE as the ratio of debt to total firm 
assets (Barnett & Salomon, 2012; Capon, Farley, & Hoenig, 1990; McConnell & Servaes, 
1995). A higher debt ratio implies a lower borrowing ability, hence firms with high 
financial leverage are more likely to default or go bankrupt (Bromiley, 1991). Capital 
Intensity (CAPITAL_INTENSITY) is also a control variable in all equations, calculated by 
dividing capital expenditures by sales (Andrew A. King & Lenox, 2001). Capital 
intensity is expected to affect firm performance as capital-intensive firms possess capital 
assets such as plants, factories and equipment that may be expensive and may require 
long periods of use to produce an adequate return on investment (Miller & Cardinal, 
1994). It is also expected that capital-intensive firms may have a higher level of internal 
emissions given their operations of capital assets, although they may incur a lower level 
of supply chain emissions. In addition, I control for time effects by including year 
dummies (YEAR). In addition, I include firm fixed effects to account for any remaining 
heterogeneity. Table 3 provides a summary of the variable statistics.   
Table 3 
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Variable Descriptive Statistics 
 Variables Mean S.D. Min Max 
1 Log ROA -0.40 -0.25 -6.91 0.11 
2 Log Scope 3 Emissions 4.90 -2.64 -3.17 13.18 
3 Log Total GHG Emissions 6.30 -2.14 -0.71 11.23 
4 Emissions Reduction Program 0.90 -0.32 0 1 
5 Log Total Assets 10.20 -1.76 3.15 14.76 
6 Log Capital Intensity 0.80 -1.13 -2.15 3.60 
7 Log Leverage -1.90 -1.39 -6.91 0.41 
 
Variables 1 2 3 4 5 6 7 
1 Log ROA 1       2 Log Scope 3 Emissions 0.03 1      3 Log Total GHG Emissions -0.01 0.57 1     4 Emissions Reduction Program -0.01 0.12 0.18 1    5 Log Total Assets -0.02 0.15 0.17 0.15 1   6 Log Capital Intensity -0.08 -0.18 -0.17 0.07 0.67 1  7 Log Leverage -0.08 0.09 0.29 0.10 0.02 -0.11 1 
Analysis and Results   
In equation (1), the dependent variable ROA and control variables are specified in 
time period t+1 while the independent variables TOTAL_EMISSIONS and 
SCOPE3_EMISSIONS are in time period t. Prior literature indicates the realization of 
“bottom line” benefits for companies depends on the time lagged emissions reduction 
efforts. This is because the cost savings or revenue generation from emissions reduction 
may take time to realize. For example, cutting emissions by half may lead to dramatically 
less raw material, which may require supply contract renegotiations to reduce the 
inventory to achieve cost savings (Stuart L. Hart & Ahuja, 1996; White, Becker, & 
Savage, 1993). Consumers and stakeholders may evaluate firm CSR reports at the end of 
year or annual reports for firm environmental performance, which I argue may influence 
purchase decisions in the following year. To follow the related literature, I use one-year 
lagged total GHG emissions and one-year lagged Scope 3 emissions in the model (P. M. 
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Clarkson, Li, Richardson, & Vasvari, 2011; Stuart L. Hart & Ahuja, 1996). These two 
lagged variables are not endogenous with firm ROA based on Durbin-Wu-Hausman tests. 
However, as discussed in the 3.2.2 Measurement Error section, the measurement 
of Scope 3 emissions may consist of measurement errors, which should be treated as an 
endogeneity problem, and estimated using classic approaches for EIV (Bound, Brown, & 
Mathiowetz, 2001; Carroll, Ruppert, Stefanski, & Crainiceanu, 2006; X. Chen et al., 2011; 
Hausman, 2001; Meijer & Wansbeek, 2000). I therefore employ a two-stage instrumental 
variable (IV) estimation to deal with the measurement errors in Scope 3. Similar to Scope 
3 emissions, I treat total GHG emissions as an endogenous variable in the model. I also 
estimate a fixed effect model to account for unobserved firm-specific heterogeneity.  
The ideal instrumental variables should be highly correlated with Scope 3 
emissions and/or total GHG emissions, while not correlated with firm ROA. The 
following instrumental variables are selected from the Bloomberg ESG dataset: global 
electricity use and energy consumption. Global electricity use (GLOBAL_ELECTRICITY) 
refers to the amount of electricity purchased globally by a company. A firm’s GHG 
emissions primarily result from a firm’s energy use and purchase, such as electricity, and 
companies with higher global electricity use should be related to a higher level of total 
GHG emissions. Energy consumption (ENERGY) includes energy directly consumed by a 
firm “through combustion in owned or controlled boilers, furnaces, vehicles, or through 
chemical production in owned or controlled process equipment” (Source: Bloomberg). 
Higher energy consumption should be associated with a higher level of firm total GHG 
emissions, as companies that consume more energy should generate more emissions. By 
the same token, higher energy and electricity use by a firm may also indicate emissions-
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intense supplier activities. This is because industrial emissions can be decomposed into 
scale, composition, and technology (Shapiro and Walker 2016), all of which are usually 
shared by supply chain members with respect to energy use. The above two instrumental 
variables are specified in the same period as total GHG emissions and Scope 3 emissions, 
which is based on the assumption that these lagged variables are not correlated with the 
error term in the ROA equation—a common treatment in the IV estimation (Fair, 1970). I 
use the xtivreg28 command in Stata 12.0 to estimate the main model (Baum, 2007).   
Industry and time heterogeneity. Reporting of Scope 3 emissions varies by 
industries (Blanco et al. (2016c) and Huang et al. (2009)). For example, according to 
Huang et al. (2009), employee commuting and air transportation serve a significant part 
in Scope 3 emissions for the service industries (7%-30%), while they make up a 
negligible portion (<1%) for the manufacturing industries, of which Scope 3 emissions 
come primarily from top 10 suppliers. Interviews conducted with industry leaders also 
confirm that the reporting of Scope 3 emissions varies by industry activities30, 
particularly driven by the complexity of supply chains in each industry (Blanco et al., 
2016c). Industry heterogeneity clearly exists in my sample: the top three industries 
represented by the firms are manufacturing (39%), finance and insurance (20%), and 
information (11%). Given the unequal presence of different industries and their 
corresponding measurement complexities of Scope 3 emissions, industry level control is 
necessary beyond treatment of firm-specific heterogeneity in the analysis, and I cluster by 
industries in the main model estimations, based on 2-digit NAICS codes. In addition to 
industry heterogeneity, prior literature also suggests that the reporting of scope 3 varies 
                                                30	This statement is based on our interviews with two of the major electronic product companies. The 
interview document can be made available upon request.   	
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by time as firms learn to better collect emissions information across years (Blanco et al., 
2016c). In general, firms are disclosing more Scope 1 and 2 as well as more Scope 3 
emissions over time (Blanco et al., 2016c). I therefore include year dummies in my model 
to capture the influence of time on emissions reporting.  
Results. Because of the critical role of Scope 3 emissions and measurement errors, I first 
report and discuss the instruments. I conduct several tests following Baum, Schaffer, and 
Stillman (2007) to check for weak instruments that could produce biased IV estimators 
(Horowitz, 2011). In the first stage of the two-stage model, the test of the instruments for 
“TOTAL_GHG_EMISSIONS” and  “SCOPE3_EMISSIONS” suggests that the 
instruments have significant explanatory power (Staiger & Stock, 1994). The F statistics 
(p-value) are 138.14 (p<0.01), and 625.94 (p<0.01), respectively, for those two variables. 
Next, I perform the under-identification test of instruments (Cragg & Donald, 1993). The 
Anderson Canonical Correlation LM statistic is 45.72 (p<0.001). The null hypothesis for 
this test is that the minimum canonical correlation is zero. If the first-stage equations are 
to be identified, then all of the canonical correlations should differ significantly from zero. 
The test results reject this null hypothesis, indicating that the first-stage equations are not 
under-identified. Last, the Hanson J over-identification test shows a chi-square statistic 
that is equal to 11.00 (p=0.28), indicating that the instruments are not significantly 
correlated with the error term in the second-stage equation. This supports the exogeneity 
of the instruments.  
I report the two-stage instrumental variable estimation model results in Table 4. 
For control variables, the results suggest that a higher level of assets is positively 
associated with a firm’s total GHG emissions (0.44; p<0.01), and its Scope 3 emissions 
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(1.42; p<0.05). In addition, I find that capital intensity is negatively associated with a 
firm’s Scope 3 emissions (-0.99; p<0.05), while not significantly related to its total GHG 
emissions (-0.09; p=0.27). Further, I find that capital intensity and financial leverage are 
both negatively related to a firm’s ROA (-0.13; p<0.01 and -0.03; p <0.01 respectively), 
while a firm’s assets is a significantly positive indicator of a firm’s ROA (0.12; p<0.1).   
The first hypothesis argues for a negative relationship between a firm’s emissions 
reduction program and total GHG emissions. I find, however, that the emissions 
reduction program is not significant (0.02, p = 0.64), suggesting that the program may not 
be effective in reducing firm internal emissions. The second hypothesis argues for a 
negative association between firm total GHG emissions and firm financial performance. 
This is supported by the results (-0.39; p<0.01). In line with the literature (Matsumura et 
al., 2013), I find that a higher level of firm internal emissions in the current period is 
associated with a lower level of firm financial performance in the next period. In other 
words, the market may penalize firms with worse emissions performance, which damages 
firm reputation and future sales. Firms with a higher level of emissions may also have a 
lower efficiency in emissions control, which may reduce firm financial performance. The 
hypothesis 3 examines the impact of a firm’s emissions reduction program on firm supply 
chain emissions, i.e., Scope 3 Emissions. The results support the hypothesis (0.33; 
p<0.05). This aligns with institutional theory and suggests that the negative spillovers of 
firm emissions reduction exist in supply chains – firms may relocate their emissions to 
supply chain members to conform to stakeholder expectations while saving costs in 
emissions reduction. The last hypothesis is also supported by the results (0.03; p<0.01), 
indicating that a higher level of Scope 3 emissions in the current period is positively 
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associated with firm performance in the next period. This demonstrates that firms may 
reap economic benefits from relocating emissions to supply chain members, by saving 
costs from implementing costly emissions reduction systems and via an improved 
efficiency from supply chains.  
Table 4  
Two-Stage Instrumental Variable Estimation Model Results 
 
First-Stage Estimation 
 
Variables DV: Log Total Emissions  DV: Log Scope 3 Emissions 
Log Total Emissions - - 
Log Scope 3 Emissions - - 
Emissions Reduction Program  0.105 (0.112) 0.547 (0.212) ** 
Log Total Assets 0.441 (0.104) *** 1.423 (0.506) ** 
Log Capital Intensity -0.092 (0.079) -0.992 (0.412) ** 
Log Total Assets (Lead) - 
 
Log Capital Intensity (Lead) - 
 
Log Leverage (Lead)  - 
 
Observations  319 319 
F-statistics  3722.16 2875.1 
Clusters  15 15 
Second- Stage Estimation 
 
Variables DV: Log ROA (Lead) 
Log Total Emissions -0.388 (0.120) *** 
Log Scope 3 Emissions 0.031 (0.008) *** 
Emissions Reduction Program  - 
Log Total Assets - 
Log Capital Intensity - 
Log Total Assets (Lead) 0.123 (0.072) * 
Log Capital Intensity (Lead) -0.127 (0.042) ** 
Log Leverage (Lead)  -0.028 (0.009) ** 
Observations  319 
F-statistics  9.03 
Clusters  15 
Notes. * p<0.10, ** p<0.05, *** p<0.01.  
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Robustness Tests. This section discusses additional analyses for robustness: alternative 
measures of independent and dependent variables, and additional treatment of time and 
industry heterogeneity.  
First, in order to confirm that the results are not driven by the particular measures 
I use, I replace the key variables using alternative measures. The key independent 
variables in equation (1) are a firm’s total GHG emissions and Scope 3 emissions. Firms 
that grow at a faster pace than their peers may expect to see a higher level of both internal 
emissions and Scope 3 emissions due to economic activities. Similarly, firms that 
encounter a merger and acquisition and/or opening/shutting down of factories or facilities 
may experience significant changes in their emissions level. Although I control for firm 
size in my model, I replace total GHG emissions and Scope 3 emissions with their 
intensities (i.e., the ratio between total GHG emissions and firm assets, and the ratio 
between Scope 3 emissions and firm assets) to look beyond changes in absolute 
emissions. The results are highly consistent with the main model results. An alternative 
measure of intensities using firm revenue has also been tested. The results are consistent 
with the main model results.  
In addition, while ROA is commonly used to evaluate firm financial performance, 
I replace ROA with an alternative measure, which is often adopted in the literature as a 
measure of firm economic performance - Return on Equity (ROE) (measured by net 
income divided by total sales), to verify previous results. The results with ROE are 
consistent with the main model results. Although I am interested in firm economic 
performance, I nevertheless replicate the model with Tobin’s Q to measure firm 
performance, which is a commonly used measure to capture firm long-term value. I 
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measure Tobin’s Q in line with Kroes et al. (2012) and Dowell et al. (2000) as the sum of 
equity (end-of-year share price times the number of outstanding common shares), long-
term debt, and net current liabilities divided by total assets. The results are consistent 
with the main model results.  
Further, in estimating the main model, I include time dummies in the model to 
control for the influence of time on the reporting of Scope 3 emissions. I also run an 
alternative model to capture time trend given the reports of an increasing trend of Scope 3 
emissions values. I replace time dummies with one-year lagged Scope 3 emissions in the 
model. Because GHG Protocol launched new global greenhouse gas accounting standards 
for Scope 3 at the end of 201131, which may have encouraged increased reporting, I also 
include a time dummy variable YEAR2012 (1 if reporting at/after the year of 2012, 0 
otherwise) to capture the potential impact on Scope 3 emissions reporting. Both the trend 
and the 2012 variable are positive and significant, and the key results are consistent with 
the main model results. 
Moreover, given the potentially significant impact of industry and time 
heterogeneity in emissions data reporting (Blanco et al., 2016c), I conduct additional 
analyses to confirm and strengthen the previous results. I run two separate models to 
examine the impact of industry and time, with a focus on equation (2) to highlight main 
effects and minimize unnecessary complications. First, I run a feasible least square model 
(FGLS) with a panel-specific autoregressive specification (AR (1)) to treat time 
heterogeneity. I also include industry dummies in the model based on 2-digit NAICS 
codes. The results of the FGLS model are highly consistent with the main model results 
                                                
31 For more information, see http://www.wri.org/publication/greenhouse-gas-protocol-corporate-value-
chain-scope-3-accounting-and-reporting-standard. 
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for Scope 3 emissions. Second, I run a set of random coefficient models, allowing the 
relationship between Scope 3 emissions and emissions reduction program to have both 
random intercepts and random coefficients at the industry level, and random intercepts at 
the firm level. This estimation approach creates a hierarchical industry-firm effect for 
each industry and better captures unique industry effects for Scope 3 emissions. The 
likelihood-ratio test that compares the random intercept and random coefficient models 
reports a chi-square statistics of 0.06 (p =0.81). This suggests that the random intercept 
model fits better than the random coefficient model. In other words, industry 
heterogeneity exists for Scope 3 emissions reporting, and the impact of emissions 
reduction program on Scope 3 emissions does not significantly vary across industries. 
The results of the random intercept model are highly consistent with the main model 
results.  
Extension: Domestic Versus Global Markets  
The main finding of this paper is based on a sample of North American firms. The 
findings are likely subject to the economic, social, and regulatory conditions that may be 
different from the rest of the world. To improve generalizability and applicability of these 
findings, I conduct an additional analysis using two separate samples – one for European 
firms and the other for Asian firms.  
Firms are sensitive to regulatory environment, which leads different emissions 
activities and reporting standards. For instance, although firms in the U.S. largely report 
their emissions data voluntarily, some European countries such as the U.K. mandate 
companies to publish data of their greenhouse gas emissions in their annual reports 
(Lament, 2015). European standards of GHG emissions are also more restrictive and 
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comprehensive, whereas standards of GHG emissions in the U.S. and most Asian 
countries tend to be less restrictive and specific. For example, regulations in Germany 
include both design standards and emission limits while the U.S. EPA's rules are source-
specific and, in most cases, limited to numerical emission standards (Licata, Hartenstein, 
& Terracciano, 1997). Moreover, scholars indicate that European firms often have a 
higher level of transparency in terms of Scope 3 emissions reporting than their 
counterparts in the United States (Matisoff, Noonan, & O'Brien, 2013).  
Given the different regulatory and operating environments of these continents, I 
collect data on European firms and Asian firms from the Bloomberg ESG and merged 
with Compustat Global for firm financial information. Both samples are from 2007 to 
2014. The European sample has an unbalanced panel of 1,708 firm-year observations for 
408 firms in 19 industries. The manufacturing industry accounts for about 30% of the 
sample observations. The Asian sample has an unbalanced panel of 528 observations for 
137 firms in 17 industries. The manufacturing industry remains the major industry, 
accounting for 44% of the sample observations.   
For both samples, I run a fixed effect model for equation (2) in the main model to 
examine the influence of emissions reduction program on Scope 3 emissions. Given that 
industry heterogeneity also exists in Europe and Asia, I cluster the observations by 
industry based on 2-digit NAICS codes and include year dummies to capture time effects. 
In addition, I include firm fixed effects to account for any remaining heterogeneity. I 
report the results in Table 5.  
I find that an emissions reduction program is positively related to Scope 3 
emissions for Asian firms (1.26; p<0.01) but not significantly related to Scope 3 
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emissions for European firms (-0.02; p=0.89). This suggests that the emissions reduction 
efforts of Asian firms may also lead to a negative spillover effect on their supply chains. 
However, this effect is not found among European firms. One potential reason is that 
European countries may have a higher standard in terms of emissions activities and that 
the reporting of emissions information is more transparent in Europe. Additionally, the 
market in Europe is more aware of firm activities in emissions and hence firms in Europe 
may be less likely to relocate their emissions to supply chains. Whereas in Asia, firms in 
most countries face a lower standard of environmental regulation and the monitoring 
system is not as restrictive as their counterparts in the western world, making firms in 
these countries more likely to “hide” their emissions. The findings suggest that in general, 
the negative spillover effect of emissions reduction in supply chains exists among firms 
from different continents, though the regulatory and operating environments may play a 
role in shaping firm decisions to relocate emissions to their supply chains.   
Table 5 
Global Market Results 
Fixed Effect Models 
 
European Market Asian Market 
Variables DV: Log Scope 3 Emissions 
Emissions Reduction Program  -0.161 (0.111) 1.259 (0.299) *** 
Log Total Assets 0.129 (0.178) 0.170 (1.065) 
Log Capital Intensity 0.308 (0.325) -0.578 (0.727) 
Log Global Electricity 0.099 (0.036) ** -0.028 (0.062) 
Log Energy Consumption  0.390 (0.360) 0.114 (0.206) 
   Observations 938 294 
F-statistics 13.23 6249.77 
Clusters 18 14 
Notes. * p<0.10, ** p<0.05, *** p<0.01.  
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Conclusions. I discuss in detail the contributions and implications of this study in 
Chapter 5. I highlight several contributions of this study as follows: first, I expand the 
scope of environmental studies from firms to their supply chains, enriching both the 
sustainability and supply chain management literature. On one hand, research on 
sustainability, particularly emissions reduction, has focused on focal firm effects, often 
overlooking the much broader impact along a firm’s supply chain. On the other hand, 
while the supply chain management literature has extensively studied supply chain 
relationships, spillover effects tied to firms’ environmental activities are understudied as 
such spillovers are often invisible and unaccountable in firms’ financial performance. 
Drawing from institutional theory, this research bridges the gap between the two core 
literatures, and extends institutional theory to the level of the supply chain. The findings 
of this study also provide managerial implications for practitioners engaged in emissions 
reduction: for firms dedicated to GHG emissions reduction, there are indeed financial 
benefits, but it may take time for firms to realize the outcome. Investing in GHG 
emissions reduction may also incur negative spillovers to the supply chain. In particular, 
firms may benefit from shifting emissions to their supply chains. Managers need to be 
aware of the potential conflicts tied to the negative spillover and manage supply chain 
relationships carefully. As the ultimate purpose of emissions reduction is for the social 
good, emissions reduction at one firm does not serve this purpose if the emissions are 
simply relocated to other members in the supply chain (Bygrave & Ellis, 2003). These 
findings should encourage regulators to provide policy support for supply chain 
emissions reduction. Further, the extension of the main results shows that the spillover 
effect is stronger under greater regulatory threats, supporting the arguments that firms 
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engage in emissions reductions and their supply chains under the pressure of government 
regulations. To the best of my knowledge, this paper is the first to use the Bloomberg 
ESG data, particularly supply chain GHG emissions data, and empirically examine firm 
GHG emissions reduction effects. I believe this paper will motivate future research to 
better utilize the Bloomberg ESG data.  
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CHAPTER 4 
EMPIRICAL STUDY 2: SUPPLY BASE INNOVATIVENESS, SUPPLY BASE 
STRUCTURE AND FIRM GHG EMISSIONS PERFORMANCE 
Study 2 empirically investigates the vertical-exogenous spillover effect in GHG 
emissions reduction. Specifically, this study focuses on a firm’s supply base 
innovativeness as an exogenous factor, and explores the effect on the firm’s internal 
GHG emissions reduction. This study also examines the contingent impact of supply base 
structure. 
Introduction  
Climate change is becoming an increasingly salient issue for business and has 
attracted attention by researchers in the supply chain and operations management 
discipline. Firms have developed plans and intervention measures to reduce greenhouse 
gas (GHG) emissions (Cucchiella et al., 2017). As with any major emissions reduction 
initiative, firms often start with “low-hanging fruit,” or projects that are relatively easy 
and profitable to implement (Blanco et al., 2016a). These may include cutting waste, 
improving energy conservation, and reconfiguring processes and products (Golicic et al., 
2010). There is, however, a limit to such efforts, and to reduce GHG emissions 
substantially within a firm’s four walls would require large investment in research and 
development (R&D) for innovations (Nidumolu, Prahalad, & Rangaswami, 2009). Firms 
could, for example, invest in carbon capture and sequestration (CSS) technologies, as 
end-of-pipe technologies are not largely available to capture these gases during 
production (Haszeldine, 2009; Kolk & Pinkse, 2005). Firms could also adapt to using 
new energy sources, such as biofuels, to improve energy efficiency. Such efforts are 
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expensive, though, and many companies have been slow to improve their GHG emissions 
performance because of the expensive investment and long pay back periods. For 
instance, Exxon Mobil suggests that “making use of carbon capture solution to reduce 
emissions is prohibitively expensive”32, and auto companies such as BMW and Peugeot 
indicate that the increased R&D spending has negatively hurt the firms’ financial 
profitability33. Moreover, GHG emissions reduction depends on a firm’s capability to 
innovate in existing processes and product development, and thus demanding the firm’s 
knowledge and technological expertise (González-Benito & González-Benito, 2005; Rau, 
Toker, & Howard, 2010).  
In today’s world, innovation is increasingly viewed as a multi-disciplinary 
activity spanning in a firm’s value chain (Roy, Sivakumar, & Wilkinson, 2004).There is 
also a growing recognition that innovation can result from interaction and collaboration 
with a firm’s supply base (Singh & Fleming, 2010; Sivadas & Dwyer, 2000), comprised 
of suppliers that are actively managed by a focal firm through contracts and transactions 
(Choi & Krause, 2006). My discussions with major industry partners highlight that a 
firm’s supply base innovativeness can play a significant role in GHG emissions 
reduction. Supply base innovativeness defines a supply base’s capability to develop and 
introduce “new products, new methods of production, new markets, new sources of 
supply, and new business processes” (Azadegan, Dooley, Carter, & Carter, 2008; Hult, 
Hurley, & Knight, 2004). For example, one industry partner in electronic product 
industry mentioned that the company has benefited from its suppliers’ strong innovation 
                                                
32 See http://corporate.exxonmobil.com/en/current-issues/climate-policy/climate-perspectives/energy-
developing-new-technologies-to-reduce-ghg 
33 See https://www.robeco.com/en/insights/2015/04/car-engine-innovation-is-key-to-co2-reduction.html	
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capabilities, which has been leveraged by the firm in optimizing supply chain activities to 
reduce GHG emissions. Another industry partner echoes by indicating that supply base 
capabilities and resources can be beneficial to the focal firm’s GHG emissions reduction. 
These examples are not exceptions. Toyota benefits from its suppliers to reduce GHG 
emissions, by researching and developing advanced fuels and hydrogen infrastructure. 
FedEx has reduced its GHG emissions by Boeing’s new aircraft design, which help 
reduce fuel consumption by 18% (Nidumolu et al., 2009). During these processes, the 
advanced technological capability of a supplier can help attenuate risks related to the 
firm’s environmentally-related innovations (Lanjouw & Mody, 1996). More importantly, 
through interactions with a supply base, the focal firm can enhance its own innovation 
capability through knowledge and technology transfer from its innovative suppliers, 
incurring positive spillovers.  
While supply base innovativeness has been identified as a key factor in many 
dimensions of a focal firm’s performance, including new product development, 
manufacturing capability, cost and innovation (Azadegan & Dooley, 2010; Azadegan et 
al., 2008; Bellamy, Ghosh, & Hora, 2014), it has been under-researched in the 
environmental dimension, and overlooked by companies for GHG emissions reduction. 
One critical reason is that supply chain GHG emissions are accounted for a large amount 
of a firm’s total emissions, and suppliers are often considered as risk sources rather than 
opportunities in GHG emissions reduction (EPA, 2010). The complexity of a firm’s 
supply base has also disabled a clear understanding of the supply base’s capability in 
environmental-related innovations, and hence what impact its innovativeness could have 
on GHG emissions reduction. To explore the role of supply base innovativeness in a focal 
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firm’s GHG emissions reduction, the first research question of this study therefore asks: 
Does a firm’s supply base innovativeness play a positive role in the firm’s internal GHG 
emissions reduction? 
More importantly, supply base structure may further complicate the role of supply 
base innovativeness in GHG emissions reduction as it differs in terms of resources and 
expertise and interaction patterns between a focal firm and its supply base members. 
Collaboration with suppliers can be especially hard in complex challenges including 
climate change because of competitive self-interest and a shortage of trust (Nidumolu et 
al., 2009). A distant firm-supplier relationship may discourage knowledge sharing and 
learning (Serpa & Krishnan, 2017), and thus further impeding collaboration (Vachon & 
Klassen, 2006). This suggests that supply base concentration, which captures the 
competitiveness of a firm’s supply base and serves as an indicator of firm-supply-base 
relationship, may affect how a firm’s supply base innovativeness influences the firm’s 
internal GHG emissions reduction (Bellamy et al., 2014; Serpa & Krishnan, 2017; 
Vachon & Klassen, 2006). In addition, because learning spillovers depend on a supply 
base’s knowledge and technological expertise, the impact of supply base diversification 
has been questioned. Supply base diversification indicates the extent to which a firm’s 
supply base is specialized or diversified in terms of business operating sectors (Serpa & 
Krishnan, 2017). The innovativeness of supply base may be beneficial only if firms can 
access complementary assets and knowledge that can improve its internal innovation and 
resulting outcomes (Carrillo, Druehl, & Hsuan, 2015). Therefore it has been debated as to 
whether a firm will benefit more from an innovative but specialized supply base versus a 
diversified one. To further explore the role of supply base structure, the second research 
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question of this study therefore asks: will a firm’s supply base structure, specifically 
supply base concentration and supply base diversification, strengthen the relationship 
between supply base innovativeness and firm internal GHG emissions reduction? 
To answer these research questions, I analyze data collected from the Bloomberg 
Environmental Social and Governance (ESG), Bloomberg SPLC, and Compustat 
databases. I provide a detailed discussion of the data, their characteristics, and the 
analyses in the empirical setting. I find that, first, a firm’s supply base innovativeness can 
indeed lead to the firm’s GHG emissions reduction. This result is robust after controlling 
for a firm’s internal R&D investment, and supports the argument that substantive GHG 
emissions reduction relies largely on innovations. Second, I find that both supply base 
concentration and diversification negatively moderate the relationship between supply 
base innovativeness and firm internal GHG emissions performance. This suggests that the 
positive influence of an innovative supply base is reinforced if it is more concentrated 
with fewer suppliers, and if the suppliers are from diverse industry sectors. I discuss in 
detail of these findings in the discussion section.   
The remainder of the paper is organized as follows. Section 2 provides a brief 
review of the literature, followed by a discussion of hypotheses. The empirical setting, 
analysis and results are described in Section 3. I conclude with a discussion of the 
findings and contributions in Section 4.    
Literature and Hypothesis Development  
Climate change has increasingly attracted business attention. Corporate responses 
to climate change differ considerably, depending on governmental regulations, industry 
standards, and pressures from various stakeholders (Levy & Kolk, 2002), and as a result, 
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firms have dispersed GHG emissions performance. The related literature in sustainability 
and operations management has predominantly taken a firm-centric view to explain such 
dispersion in GHG emissions performance, by examining drivers such as customer, 
regulatory and competitive pressures (Yalabik & Fairchild, 2011). For example, Reid and 
Toffel (2009) find that both stakeholder influences and state regulations could spur 
changes in firm behaviors to reduce carbon emission. Fu, Kalkanci, and Subramanian 
(2017) study the effect of hazardous substances ranking on firm emissions reduction 
efforts. Muthulingam et al. (2013) find that the sequence of how energy-saving 
recommendations are presented to companies affects their adoption rates and subsequent 
emissions performance. In recent years, some research has revealed the importance of the 
supply chain in firm GHG emissions management. For instance, Plambeck (2012) shows 
how Wal-Mart works with suppliers to reduce GHG emissions in its supply chains. Jira 
and Toffel (2013) examine disclosure of climate change-related information by suppliers 
and find that how buyers use such information is important, as are the industries and 
countries of suppliers. The focus, however, is more on the question that, to achieve better 
GHG emissions performance, how a focal firm could help its supply chain members 
better improve their environmental standards.  
Can firms, however, benefit from their supply chain members in reducing internal 
GHG emissions? My discussions with industry partners support the fact that firms can 
experience positive spillovers in GHG emissions when interacting with their supply base 
members. In fact, the influence of a firm’s supply base in different contexts has been well 
documented in prior literature. For example, studies find that a firm’s supply base can 
play significant, positive roles in areas such as supply chain costs, lead time, quality 
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management, inventory management and innovation (Bellamy et al., 2014; Handfield & 
Nichols, 2004). In particular, Lavie (2006) suggests that benefits can be derived from 
such inter-firm interactions and can create spillovers, which may provide a competitive 
advantage for the focal firm. Pihlajamaa, Kaipia, Säilä, and Tanskanen (2017) find that 
supplier innovation can sometimes substitute for firms’ internal R&D, enhancing focal 
firms’ innovation while reducing costs. The impact of a firm’s supply base, nevertheless, 
has not been well explored in the context of GHG emissions. With the growing interest in 
firm GHG emissions performance, and the growing concern over the influence of supply 
chains, it is important to explore the role of a firm’s supply base in the context of GHG 
emissions.  
In this study, I specifically focus on the understanding of a firm’s supply base 
innovativeness and supply base structure on firm GHG emissions reduction. Because in 
the long term, GHG emissions can be reduced mainly through innovations in processes 
and technologies (Kolk & Pinkse, 2005), a firm’s supply base and its associated 
technological capabilities, resources and expertise may play a critical role. Further, the 
potential impact of supply base innovativeness on GHG emissions reduction can be 
contingent on the structure of a firm’s supply base. Studies have shown that a firm’s 
supply base structure may facilitate or impede communications and collaborations 
between the firm and its supply base, depending on factors such as supply base 
concentration and diversification (Serpa & Krishnan, 2017; Vachon & Klassen, 2006). 
The related literature in supply chain and operations management has examined supply 
base structure with an emphasis on the dynamics and complexity of different structures 
(Choi & Krause, 2006). Recently, the literature has acknowledged the importance of 
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supply chain structure in emissions reduction (K.-H. Lee, 2011), but has yet to provide an 
empirical investigation. Hence, to fill the gap in the literature, I aim to empirically 
investigate the impact of a firm’s supply base innovativeness on GHG emissions 
reduction under the structural effects of the supply base, focusing on supply base 
concentration and diversification. Figure 6 displays the empirical model that will be 
examined in this study.  
Figure 6  
Empirical Model 
 
The first hypothesis focuses on the effect of supply base innovativeness on firm 
internal emissions reduction. Supply base innovativeness is defined as the level of 
technological know-how, specialized knowledge, and other innovation related 
capabilities of a firm’s suppliers (Bellamy et al., 2014). Such innovativeness can be 
leveraged by a focal firm, often through knowledge transfer and organizational learning 
(Malhotra, Gosain, & Sawy, 2005; Schroeder, Bates, & Junttila, 2002). Exposure to 
different knowledge may enhance the focal firm’s inclination to exploit new ideas and 
perspectives, particularly complementarities, that facilitate new product and process 
innovations (Jean, Kim, & Sinkovics, 2012). As a result, supply base innovativeness can 
benefit the focal firm’s innovation-based activities (Azadegan et al., 2008). Ellram and 
Choi (2000) demonstrate how supplier innovativeness helps improve the product design 
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of the focal company and reduce manufacturing costs. The related literature has discussed 
the benefits of a firm’s supply base innovativeness on the innovation outcome of the firm, 
particularly in areas such as supply chain costs, lead time, quality management, and 
inventory management (Bellamy et al., 2014; Handfield & Nichols, 2004). However, 
supply base innovativeness may also enhance a firm’s eco-innovation capability, and thus 
can benefit the focal firm in GHG emissions reduction.  
First, a firm’s internal GHG emissions reduction is heavily dependent on the 
firm’s eco-innovation capability, which refers to the capability of “developing new ideas, 
products and processes that contribute to a reduction in environmental burdens” 
(Rennings, 2000). Firms face an increasing level of pressure to reduce environmental 
impacts, among which GHG emissions reduction has become a commonly adopted goal 
(Reid & Toffel, 2009). A firm’s reduction of internal GHG emissions is primarily driven 
by energy conservation and/or improvement in energy efficiency (EPA, 2008). Energy 
conservation, such as by reducing heating temperatures in factories and increasing 
capacity limits for appliances, is generally considered as “low-hanging fruit” that makes 
little impact on GHG emissions reduction at a large scale. Energy efficiency, on the other 
hand, has a more fundamental impact on GHG emissions reduction but it relies heavily 
on technological innovations, where old equipment and facilities are replaced by newer, 
more efficient technologies and designs (Herring & Roy, 2007). Companies can also 
adapt to alternative, usually innovative, resources, such as biofuels and advanced nuclear 
energy, from other providers to improve energy efficiency. The internal reduction of 
GHG emissions therefore relies largely on the focal firm’s eco-innovation capability.  
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Second, supply base innovativeness can contribute to a firm’s eco-innovation 
capability. A firm can improve its innovation capabilities via knowledge transfers that 
result in learning from their innovative suppliers, particularly when there exist 
complementarities in such capacities between the firm and its suppliers. The improved 
innovation capabilities have been shown to be critical in advances of new product design 
and process efficiency (Bellamy et al., 2014). Pressured by both internal and external 
stakeholders, many companies have included sustainability as one of their top priorities, 
and increasingly engaged in eco-innovation (Altenburg & Pegels, 2012; Wu & Pagell, 
2011). Among all environmental concerns, climate change poses one of the most urgent 
challenge, with many firms creating measures and taking actions to reduce GHG 
emissions (Kolk & Pinkse, 2005; Plambeck & Denend, 2007). For example, Exxon Mobil 
is pursuing the route of technology advancement to reduce GHG emissions while Ford 
has reduced GHG emissions by introducing new car model with lighter weight. In 
addition, through interactions with their supply base members, firms can have access to a 
greater variety of new technology options, and learn from the skills and practices of those 
innovative suppliers. Firms can then recombine the knowledge and solutions, improving 
their own eco-innovation capability to reduce GHG emissions. For example, by 
leveraging the supply base’s capabilities and technological know-how, focal firms can 
redesign production processes to better respond to environmental changes (Swink & 
Mabert, 2000). Another good example is that of a Japanese steel company that benefited 
environmentally from the technological advantages of its suppliers in developing energy-
saving equipment through technology transfer (Kolk & Pinkse, 2005).  
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In addition, given the pressure to reduce GHG emissions, suppliers can be 
innovative in pursuing emissions reduction as their own goals. This, in turn, can create 
positive spillovers for focal firms via knowledge and technology transfer that is directly 
related to emissions reduction. For example, Stora Enso, which is a paper, packaging and 
forest products company based in Finland, leveraged the by-products of its core business, 
e.g., sawmill and logging residues, as biofuels to generate electricity and to support 
internal energy consumption. The company has then started to sell green electricity to its 
supply chain customers, helping those customers reduce their respective GHG emissions 
(Nurmesniemi et al., 2007). Kingspan, a highly innovative building solutions provider, 
developed a new division, Light & Air, to help its customers to increase energy efficiency 
by utilizing optimized lighting and ventilation systems in their facilities (CDP, 2016).  
However, it is likely that supply base innovativeness may not be able to enhance a 
firm’s GHG emissions performance. First, much research has indicated that supplier 
innovativeness can enhance a focal firm’s capabilities in many aspects, but there may be 
tradeoffs among these capabilities (Boyer & Lewis, 2002; Safizadeh, Ritzman, & Mallick, 
2000). This means that although firms have benefited from its supply base to reduce 
GHG emissions, it is possible that the enhanced emissions performance occur at the 
expense of product quality or cost. Herman Miller once changed its product materials 
from PVC to TPU to reduce emissions but the inconsistent quality performance and the 
much expensive cost were major concerns for the company. In this case, firms who 
emphasize more on product quality or cost may not pursue emissions reduction despite of 
an innovative supply base. Yet many firms, given the stakeholder pressures to reduce 
GHG emissions, have been working hard to find win-win solutions to reduce GHG 
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emissions while at the same time not compromising other critical aspects of product. 
Second, an enhanced eco-innovation capability, as a result of learning from its suppliers, 
may not guarantee a lowered GHG emissions level, because for any innovation to be 
“operational”, the implementation process is critical as it requires internal and external 
changes of organizations (Birkinshaw, Hamel, & Mol, 2008).Yet previous research has 
supported a positive relationship between an eco-innovation capability of a firm and its 
environmental performance, including GHG emissions (K.-H. Lee & Min, 2015; 
Sambasivan, Bah, & Jo-Ann, 2013). In sum, the more innovative the supply base 
suppliers are, the more likely a focal firm will experience positive spillovers in its 
internal GHG emissions reduction via improved eco-innovation capabilities. Hence I 
hypothesize that:  
H1: A firm’s supply base innovativeness is negatively associated with the firm’s internal 
GHG emissions.  
Benefiting from supply base innovativeness relies on the transfer of knowledge or 
technology, and literature has suggested that one key consideration for such transfer to be 
effective is how well the transfer takes places (English & Baker, 2006). While prior 
studies have examined impactful factors such as organizational learning styles (Azadegan 
& Dooley, 2010), I believe that supply base structure, particularly supply base 
concentration can play a significant role to affect the effectiveness of such transfers. A 
firm’s supply base concentration describes whether the firm has a dispersed supply base 
where the firm transacts with multiple suppliers, usually in small amount of spend 
volume, or a concentrated supply base where the firm interacts with only a few suppliers, 
in large amount of spend volume (Serpa & Krishnan, 2017; Wagner & Bode, 2006). An 
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innovative supply base enables focal firms to learn to reduce internal GHG emissions, 
and such learning is not a given, however, but is significantly dependent on how 
frequently and closely firms can interact with their supply base members. Therefore I 
argue that the more concentrated a firm’s supply base, the more likely that the firm will 
benefit from an innovative supply base to reduce internal GHG emissions.  
A more concentrated supply base is typically accompanied by greater frequency 
and intimacy of firm-supply-base-supplier interactions. For firms with a few key 
suppliers, the level of engagement in day-to-day interactions is expected to be higher than 
that of those firms with a dispersed supply base. Frequent interactions will allow these 
firms to exploit complementarities in knowledge and technologies in the area of GHG 
emissions reduction. Exploitation can also be improved through intensive collaboration, 
which can be encouraged in a concentrated supply base (Pihlajamaa et al., 2017). With a 
few key suppliers, focal firms are expected to devote a large amount of effort to 
establishing a deep relationship with these suppliers (Serpa & Krishnan, 2017). This may 
give rise to more learning spillovers. For example, auto suppliers are known for reserving 
the best of their innovations for their customers who have trusted relationships and are 
more willing to share with these customers without the assurance of a purchase order 
(Henke & Zhang, 2010). Another example is that a paint and coating supplier, in 
collaboration with an automaker, developed a product-based solution to reduce emissions 
by working on-site (Geffen & Rothenberg, 2000). Compared with a concentrated supply 
base, a disperse, large supply base makes it hard to develop long-term relationships and 
deep collaboration, which may weaken positive knowledge spillovers (Trent & Monczka, 
1999; Vachon & Klassen, 2006). And it has been noted that a lack of trust can prohibit 
  82 
firms from collaborating in addressing climate change and many companies tend to act in 
a self-interested way (Nidumolu et al., 2009). On the other hand, studies have shown that 
a more focused supply base, as opposed to a loose supply base, encourages greater 
collaboration in environmental practices, which may contribute to a lower level of firm 
emissions (Vachon & Klassen, 2006). Hence, I hypothesize that:  
H2: A firm’s supply base concentration negatively moderates the relationship between 
supply base innovativeness and firm internal GHG emissions.   
A firm’s supply base diversification, on the other hand, has been less studied in 
the related literature. Scholars have focused on either focal firm diversification in terms 
of business operating sectors or supply base diversification in forms of multi-sourcing or 
regionalization (Anupindi & Akella, 1993; Wan & Beil, 2014). In this study, I examine 
supply base diversification in terms of whether a firm’s supply base members are alike or 
not with respect to business operating sectors (Serpa & Krishnan, 2017). Defined in this 
way, supply base diversification is particularly relevant to this study as it implies the 
technological and knowledge diversity among the supply base members. I propose that 
the more diversified a firm’s supply base, the more likely that the firm will benefit from 
an innovative supply base to reduce internal GHG emissions.  
As discussed earlier, to reduce internal GHG emissions, focal firms can seek new 
ideas and solutions, particularly those that are complementary, from innovative suppliers. 
The complementarities achieved allow focal firms to innovate in new process, product 
and service combinations to enhance energy efficiency. Such innovation capability can be 
further enhanced when focal firms can leverage novel knowledge and technological 
know-how from different sources (Phelps, 2010). A firm’s supply base diversification 
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therefore should improve the innovation outcomes between the firm and its supply base 
in GHG emissions reduction by enhancing the diversity of such sources.  
A diversified supply base consists of suppliers in different industries with various 
areas of technical expertise (Choi & Krause, 2006; Dooley & Van de Ven, 1999). 
Interactions with different suppliers give focal firms exposure to dissimilar knowledge, 
potentially in radically different domains, hence increasing the variety of innovative 
solutions in GHG emissions reduction (Fleming & Sorenson, 2001). For example, 
researchers find that a larger number of suppliers with different cultural backgrounds and 
areas of technical expertise is able to provide a fertile ground for innovation (Dooley & 
Van de Ven, 1999). For example, a supply base with members operating in a diverse set 
of industry segments may facilitate faster green product development via access to a 
variety of knowledge and capabilities (Borgatti & Molina, 2005). Anecdotal evidence 
also supports the argument: for instance, an automobile company reduces its GHG 
emissions by the development of fuel cells, which has been enabled by working with 
suppliers with diverse industry backgrounds (Kolk & Pinkse, 2005). In another example, 
a power company works with one supplier in an unique industry - telecommunications, to 
leverage smart electricity grids, an example of innovative Information, Communication & 
Technology solutions offered by the supplier, to reduce GHG emissions usage (CDP, 
2016).  
More importantly, as GHG emissions reduction is still at its early stage, many 
firms have been experimenting with different solutions such as solar, wind or nuclear 
energy, CCS technologies, electric or hydrogen vehicles, advanced grid integration and 
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energy storage, and ways of increasing efficiencies of conventional technologies 34. 
However, it is still not clear which technologies will be the most successful in coping 
with climate change. With different solutions and different needs of each firm, a 
diversified supply base with potentially more technological options will give firms more 
flexibilities and possibilities to select the best fit to reduce GHG emissions. In contrast, 
collaboration with many but similar suppliers may be less likely to reap the benefit of 
synergy. This is because similar partners often bring fewer new perspectives and skill sets 
and may be less likely to complement each other (Luo & Deng, 2009). In other words, 
the benefits of an innovative supply base can be further enhanced when focal firms can 
access dissimilar knowledge, resources, and capabilities from their suppliers that 
contribute to GHG emissions reduction (H. L. Lee & Schmidt, 2017). Hence, I 
hypothesize that: 
H3: A firm’s supply base diversification negatively moderates the relationship between 
supply base innovativeness and firm internal GHG emissions. 
Empirical Setting  
Data, Model and Variables. This section describes data collection, model configuration, 
and variable construction. The objective of this study is to examine the impact of firm 
supply base innovativeness and supply base characteristics on firm internal GHG 
emissions reduction. The data were collected from Bloomberg and Compustat to study 
this effect. Specifically, firms’ reporting GHG emissions and firm-supplier relationship 
information were targeted and the relevant information were collected from Bloomberg 
Environmental Social Governance (ESG) and SPLC; and the rest, including financial and 
                                                34	See	http://energypost.eu/difficult-reduce-co2-emissions/	
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control variables, were collected from Compustat. Annual data were collected from 2011 
to 2016, the time period when the supply base information is available. The data were 
first drawn from Bloomberg SPLC to obtain firm-supplier relationship information, 
which includes the share (i.e., percentage) of transactions for a firm-supplier relationship 
as the focal firm’s cost and the supplier’s revenue. The original sample size consists of 
1,157 unique focal firms with 4,416 suppliers. All focal firms are based in North America 
while roughly half of the suppliers are international. The data were then matched with 
Compustat to obtain firm level and supplier level financial information, such as firm and 
supplier R&D expenses, business operating sectors, and other general financial 
information. In the last step, the data were merged with Bloomberg ESG data to combine 
with firm GHG emissions information. The sample size was greatly reduced due to 
missing values in the reported emissions information. The final sample, for the purpose 
of analysis, was consolidated at the focal firm level, which will be discussed in the next 
section. The final unbalanced panel data sample consists of 134 focal firms operating in 
21 industry sectors, and 516 firm-year observations over six years. Table 6 presents the 
industry distribution of these firms.  
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Table 6 
Firm Industry Distribution (Based on 2 Digit Standard Industry Classification)  
SIC Industry Name  Firm  
13 Oil and Gas Extraction  1 
20 Food and Kindred Products 15 
21 Tobacco Products 3 
24 Lumber and Wood Products 1 
25 Furniture and Fixtures 1 
26 Paper and Allied Products 5 
28 Chemicals and Allied Products 29 
29 Petroleum and Coal Products 3 
30 Rubber and Misc. Plastics Products 2 
32 Stone, Clay, and Glass Products 1 
33 Primary Metal Industries 1 
34 Fabricated Metal Products 1 
35 Industrial Machinery & Equipment 22 
36 Electronic & Other Electric Equipment 19 
37 Transportation Equipment 8 
38 Instruments & Related Products 10 
39 Misc. Manufacturing Industries  3 
53 General Merchandise Stores 1 
57 Furniture and Homefurnishings stores 1 
73 Business Services 5 
99 Others  2 
The main independent variables for testing the hypotheses are supply base 
innovativeness, supply base concentration, and supply base diversification. The main 
dependent variable is a firm’s total internal GHG emissions. I construct the following 
econometric model to test the hypotheses:  𝑇𝑂𝑇𝐴𝐿!" =𝛽! + 𝛽!𝐼𝑁𝑁𝑂𝑉𝐴𝑇𝐼𝑉𝐸𝑁𝐸𝑆𝑆!" + 𝛽!𝐶𝑂𝑁𝐶𝐸𝑁𝑇𝑅𝐴𝑇𝐼𝑂𝑁!" + 𝛽!𝐷𝐼𝑉𝐸𝑅𝑆𝐼𝐹𝐼𝐶𝐴𝑇𝐼𝑂𝑁!" +𝛽!𝐼𝑁𝑁𝑂𝑉𝐴𝑇𝐼𝑉𝐸𝑁𝐸𝑆𝑆_𝐶𝑂𝑁𝐶𝐸𝑁𝑇𝑅𝐴𝑇𝐼𝑂𝑁!" +𝛽!𝐼𝑁𝑁𝑂𝑉𝐴𝑇𝐼𝑉𝐸𝑁𝐸𝑆𝑆_𝐷𝐼𝑉𝐸𝑅𝑆𝐼𝐹𝐼𝐶𝐴𝑇𝐼𝑂𝑁!" + 𝛽!𝑊!" +𝜀!"                                                                                                                                                         (1)                                                                                                                                          
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In Equation (1), the internal GHG emissions (𝑇𝑂𝑇𝐴𝐿!") of firm i in year t is 
measured by the total GHG emissions intensity, i.e., “the combination of Scope 1 and 
Scope 2 emissions” (Source: Bloomberg ESG) divided by the firm’s total assets. Scope 1 
emissions are from sources that are owned or controlled by the reporting company, for 
example, through combustion of fossil fuels in the focal company’s daily operations, 
while Scope 2 emissions are a consequence of the activities of the reporting company 
from sources owned or controlled by another entity (Eccles, Serafeim, & Krzus, 2011). 
This usually refers to the GHG emissions generated out of the energy purchased by focal 
firms. (Source: Bloomberg). To measure supply base characteristics, I first constructed a 
firm’s supply base according to the following rule: if one supplier transacts with its focal 
firm in any given year, i.e., having relationship values, this supplier will remain a 
member in the firm’s supply base across the sample period. In other words, a firm’s 
supply base contains suppliers that may or may not have direct transactions with the firm 
in all six years, and therefore the composition of the base is time-invariant across the 
sample period. There are two reasons for this approach: first, a supplier may not be 
guaranteed performance based supply contracts every year, but it remains in the supply 
base because it may well be awarded contracts in the following years as performance 
improves; second, transaction based contracts may be offered and executed during the 
time of a year that missed the data collection process. This is often a case of irregular 
reporting by some firms – while the supply chain data were usually reported in the early 
part of a year, i.e., before March, which was the time when such data were collected, 
some firms reported in the later months of the year. Consolidating yearly firm-supplier 
relationships avoids these problems and provides a more stable supply chain structure 
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consistent with the actual one. Hence, a firm’s supply base innovativeness (𝐼𝑁𝑁𝑂𝑉𝐴𝑇𝐼𝑉𝐸𝑁𝐸𝑆𝑆!") is measured as the average R&D intensity (adjusted by 
respective weights) of all suppliers in a firm’s supply base in a given year, 
𝐼𝑁𝑁𝑂𝑉𝐴𝑇𝐼𝑉𝐸𝑁𝐸𝑆𝑆!" = !!!"∗!!"!!!! !!!"∗!!"!!!! ,where 𝑟 is measured by supplier revenue share 
and is used as the weight to adjust supplier R&D intensity, N denotes the total number of 
suppliers in a firm’s supplier base, and n denotes supplier, while t denotes year. This 
measure represents the innovation input level of a firm’s supply base. In line with Serpa 
and Krishnan (2017) and Jain, Girotra, and Netessine (2013), a firm’s supply base 
concentration (𝐶𝑂𝑁𝐶𝐸𝑁𝑇𝑅𝐴𝑇𝐼𝑂𝑁!") is calculated as !"#$!!"#!"#$!!"#!!!! !!!!! . A firm with 
higher supply base concentration indicates that its supply base has fewer suppliers each 
with a larger share of the firm’s business. A firm’s supply base diversification (𝐷𝐼𝑉𝐸𝑅𝑆𝐼𝐹𝐼𝐶𝐴𝑇𝐼𝑂𝑁!") captures the degree of similarity of the firm’s supply base 
members. In line with Serpa and Krishnan (2017), a firm’s supply base is deemed 
diversified if the firm’s supply base consists of suppliers that operate in multiple industry 
sectors. Hence 𝐷𝐼𝑉𝐸𝑅𝑆𝐼𝐹𝐼𝐶𝐴𝑇𝐼𝑂𝑁!" is measured by the number of unique industry 
sectors represented by suppliers, which are counted using suppliers’ 2-digit SIC 
(Standard Industry Classification) codes. The higher the number, the more diverse the 
firm’s supply base. 
In line with Andrew A. King and Lenox (2001), Kroes et al. (2012), Stuart L. Hart 
and Ahuja (1996), and Vachon and Klassen (2008), the following control variables are 
included to account for focal-firm-level heterogeneity (𝑾𝒊𝒕). Specifically, total firm 
assets (ASSETS) is a control for firm size and is expected to have a positive relationship 
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with firm internal GHG emissions level. Capital intensity (CAPITAL_INTENSITY), 
calculated by dividing capital expenditures by sales, is expected to have a negative 
relationship with firm internal GHG emissions. This is because capital investments 
improve efficiencies in facilities and information systems, and hence high capital 
intensity indicates operational efficiency (Gaur, Fisher, & Raman, 2005). R&D intensity 
(R&D), calculated by dividing the firm’s R&D expenditures over its total assets, is 
expected to have a negative relationship with its internal GHG emissions level. A firm’s 
emissions reduction effort (ER) is measured by whether the firm has set GHG emissions 
targets, or has disclosed any goal to reduce GHG emissions via any initiatives in its 
annual reporting period, with 1 (0) representing yes (no). This variable is expected to 
have a negative relationship with a firm’s internal GHG emissions level. Last, a firm’s 
environmental focus, measured by the firm’s CSR environmental disclosure score 
(CSRE), captures a firm’s emphasis on environmental protection, and is expected to have 
a negative relationship with a firm’s internal GHG emissions. Table 7 summarizes all 
variable statistics.  
Table 7 
Variable Descriptive Statistics  
(See next page) 
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Analysis and Results 
The model was analyzed in Stata 14 as a random-effects model with robust standard error, 
as supported by the Hausman test (5.39; p = 0.61). Given the industry heterogeneity in 
the firm-level reported GHG emissions (Blanco et al., 2016c), the data were also 
analyzed with industry-clustered variance (based on 2-digit firm SIC code). Table 8 
presents the results for the random-effects model. The first hypothesis of this study 
argues that a firm’s supply base innovativeness contributes to the firm’s GHG emissions 
reduction. This is supported by the results (-0.63, p<0.05). The second hypothesis argues 
for a negative moderation effect of supply base concentration on supply base 
innovativeness and firm total internal GHG emissions. The result is negative and 
significant (-8.12, p<0.1), supporting this hypothesis. The third hypothesis argues for a 
negative moderation effect of supply base diversification. The result is also negative and 
significant (-0.20, p<0.05), supporting the hypothesis. These findings provide strong 
evidence that a firm can benefit from its innovative supply base in GHG emissions 
reduction, and the benefit is strengthened by greater degrees of concentration and 
diversity of the supply base. For control variables, the results suggest that a firm’s R&D 
intensity is negatively associated with its internal GHG emissions (-0.67; p<0.05). This 
suggests that innovative firms themselves may achieve better performance in GHG 
emissions. In addition, while a firm’s emissions reduction effort is negatively related to 
the firm’s internal GHG emissions, its environmental disclosure score, which represents a 
firm’s focus on environmental protection, is positively related to the firm’s internal GHG 
emissions (-0.03, p<0.05; 0.003, p<0.01 respectively).  
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Table 8  
Random-Effects Model Results  
Variables 
Base Model 
(Firm Total GHG 
Emissions)  
Interactions 
(Firm Total GHG 
Emissions) 
Firm R&D Intensity  -0.665** (0.311) 
-0.735** 
(0.334) 
Firm Total Assets  -3.96e-07  (2.25e-07)  
-4.03e-07    
(2.27e-07)  
Firm Capital Intensity -0.636 (0.415) 
-0.631 
(0.416) 
Emissions Reduction -0.027** (0.013) 
-0.032** 
(0.014) 
Environmental Disclosure  0.003*** (0.001) 
0.003*** 
(0.001) 
Supply Base R&D Intensity -0.633** (0.326) 
-1.442* 
(0.797) 
 
Supply Base Diversification   
 
Supply Base Concentration  
 
R&D * Diversification  
 
R&D * Concentration  
 
0.005 
(0.004) 
0.144 
(0.132) 
 
 
0.004 
(0.004) 
0.090 
(0.120) 
-0.201** 
(0.091) 
-8.118* 
(4.451) 
Industry 
Observations 
Yes 
237 
Yes 
237 
Model fit – χ2 20.64 20.53 
p-value 0.008 0.025 
Standard errors are  shown in  parentheses. * p  < .10; ** p¸< .05 ;  *** p < .01 
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Robustness Tests. This section discusses additional analyses for robustness: alternative 
measures of dependent variables, additional treatment of industry heterogeneity and a 
discussion of endogeneity in this study.    
First, the dependent variable of this study is measured by the intensity of a firm’s 
total internal GHG emissions, which is the sum of Scope 1 emissions and Scope 2 
emissions. I replace the variable with the intensity of Scope 1 emissions as a firm’s Scope 
1 emissions often account for a major part of a firm’s internal emissions. In addition, 
firms tend to have consistent reporting quality of Scope 1 emissions (Blanco et al., 
2016c). The results, by replacing internal GHG emissions intensity with Scope 1 
emissions intensity, are highly consistent with the main model results. In addition, the 
main model is tested with variables in linear forms. I also run a log-linear model and a 
log-log model, the results of which are consistent with the main model results. Further, 
given the important role of industry, I run several subsample analyses. I first draw 
observations from two industry sectors based on one-digit SIC code, i.e., SIC 2 and SIC 3, 
and run the main model with an industry dummy variable (INDUSTRY = 1 if SIC =3, 0 
otherwise). The results are consistent with the main model results. I also run another 
subsample analysis with two largest industry sectors separately, i.e., SIC 35 and SIC 36, 
and the results are highly consistent as well. Last, I evaluate potential endogeneity issues 
that might arise in this research. A firm’s supply base configuration has been discussed to 
be endogenous with the firm’s financial performance (Lu & Shang, 2017). However, a 
firm’s GHG emissions performance unlikely triggers supply base configuration changes. 
In other words, a firm’s supplier selection, in terms of R&D spending, as well as the 
concentration and diversification of its supply base, are considered not significantly 
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caused by a firm’s internal GHG emissions performance. Hence, I suggest that 
endogeneity may not be a major concern in this research.  
Conclusions. I will discuss in detail the contributions and implications of this study in 
the discussion section. I highlight several contributions of this study as follows: first, 
supply base innovativeness has been shown to influence multiple aspects of focal firm 
performance, such as cost, quality, and product development (Azadegan & Dooley, 
2010). By showing that supply base innovativeness can bring positive spillovers in GHG 
emissions at focal firm, this study extends the understanding of supply base 
innovativeness to the environmental dimension of a firm’s performance.  Further, 
previous research has neglected the possible role of supply base structure as a 
contingency factor to the knowledge transfer and learning process. This study further 
extends the related literature by showing that the positive spillovers in GHG emissions 
reduction are conditioned on a firm’s supply base concentration and diversification. A 
lack of an understanding of a firm’s supply base may mislead firms to exclude their 
supply base when pursuing environmental sustainability. Given that many firms have 
been reluctant or slow to engage their suppliers in GHG emissions reduction, this study 
can hence help managers better understand the tradeoffs in engaging their supply base 
members in GHG emissions reduction and develop effective strategic plans with their 
suppliers to collaboratively address climate change. Third, drawing data from Bloomberg 
ESG and SPLC, this is by far the first empirical study to examine GHG emissions 
reduction and the associated spillovers in a supply base context. This study can therefore 
serve as a first step to motivate future research in this area by leveraging supply chain 
secondary data.  
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CHAPTER 5 
DISCUSSION AND CONTRIBUTION  
Overview  
This dissertation examines the spillover effects when a firm interacts with its vertical 
(supply chain) and horizontal (extended supply chain) partners in the context of GHG 
emissions reduction. Chapter 2 proposes a theoretical framework that decomposes the 
different channels through which firms can affect each other in GHG emissions and result 
in spillover effects. Specifically, this framework distinguishes among four types of 
spillovers – vertical-endogenous, vertical-exogenous, horizontal-endogenous, and 
horizontal-exogenous. Chapter 3 (Study 1) and Chapter 4 (Study 2) empirically test two 
types of spillover effects focusing on the vertical interactions - when firms interact with 
their supply chain members. I discuss the contributions of two empirical studies first, 
followed by the contributions of the framework, as well as the managerial implications.   
Empirical Study Contributions  
Study 1 Contributions. Study 1 investigates the vertical-endogenous spillover by 
studying the effect of a firm’s effort in GHG emissions reduction on both the firm and its 
supply chains. The results suggest that a firm’s efforts in GHG emissions reduction may 
create a negative spillover among supply chain members of the firm. This suggests that 
under the pressures of stakeholder expectations and profitability objectives, a firm may 
transfer non-conforming activities to less visible parts of operations (Surroca et al., 2013). 
In addition, the negative spillover, i.e. a higher level of supply chain GHG emissions, 
may be associated with greater firm financial performance. This may explain a 
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motivation for firms to “arbitrage” emitting activities for cost benefits from their supply 
chains.  
This research contributes to the related literature by extending the boundary of 
institutional effects to the level of supply chain. Our understanding of institutional change 
and outcomes has been confined to intra-organizations (Tina Dacin, Goodstein, & 
Richard Scott, 2002). For instance, prior literature has elaborated on the possibility of 
spillovers within firm boundaries on, for example, a firm’s overseas subsidiaries (Surroca 
et al., 2013). This research suggests that such spillovers could exist in a firm’s supply 
chain where members are not under direct control of the firm. Under stakeholder 
pressures, some firms may relocate some of the firms’ high-emitting activities to their 
supply chain members, especially if these supply chain members are located in emerging 
markets where environmental regulations are lax. A lower public expectation and 
visibility toward supply chain environmental performance provides incentives for firms 
to relocate GHG emissions. Relocating GHG emissions is also expected to be easier than 
relocating toxic emissions. High emitting activities of toxic emissions, given severe 
damages to environment, are under stronger public scrutiny. Suppliers are unwilling to 
take responsibility of such activities given the risks associated with environmental 
damage and potential regulatory penalties. As the ultimate purpose of GHG emissions 
reduction is for the social good, emissions reduction at one firm does not serve this 
purpose if the emissions are redistributed to other members in the supply chain. This 
research therefore advocates a broader perspective to investigate institutional change, 
particularly activities that span across multiple parties in a firm’s business network, such 
as GHG emissions reduction.  
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With regard to internal GHG emissions, this study suggests that when firms 
manage to reduce GHG emissions, a lower level of GHG emissions has a positive impact 
on the firms’ financial performance. This is inconsistent with the managerial perception 
that little explicit cost savings or revenue generation opportunities are associated with 
GHG emissions reduction. The findings highlight the possibility that the financial 
benefits of GHG emissions reduction may be underestimated: As the general public has 
increasing concerns toward climate change, the market penalizes firms with poor GHG 
emissions performance (Matsumura et al., 2013), and business partners evaluate firm 
emissions performance and reward them with more partnership opportunities (Plambeck 
& Denend, 2007). In addition, GHG emissions reduction initiatives often require up-front 
investments, while the financial benefits are realized in the future (Creyts et al., 2007). It 
hence takes a long-term perspective to yield the financial value from reduced GHG 
emissions.  
The results of this research, however, do not support for a connection between 
GHG emissions reduction programs and a firm’s internal GHG emissions. There may be 
several reasons for this insignificant effect: Firms may not be convinced of a positive 
outcome of emissions reduction, and therefore may use emissions reduction programs for 
the purpose of window dressing. Even if stakeholders press firms to reduce emissions, 
firms may be unwilling to do so because of the costly investments in emissions reduction. 
In this case, the financial goals may outweigh the benefits of gaining legitimacy from 
stakeholders (Oliver, 1991). In addition, stakeholders may be less responsive to GHG 
emissions, compared to non-GHG emissions, because of a lack of full visibility into GHG 
emissions (Brian W Jacobs, 2014). Although certain stakeholder groups such as 
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governmental agencies and NGOs have access to firms’ emissions data, the majority of 
stakeholders rely on firm signals, e.g., announcements, advertisements and other public 
relations activities, to evaluate firms’ behaviors. Hence, it is difficult to evaluate and 
verify firms’ actions and consequences in GHG emissions reduction.   
The implications to practitioners, policy makers and non-profit organizations are 
multifaceted. On the program level, the results of this research help explain why firms 
may announce programs to reduce GHG emissions while the overall firm GHG emissions 
keep increasing. As evidenced by the CDP, “While a growing percentage of companies 
responding to the questionnaire have set reduction targets – 44 percent, compared to 27 
percent in 2010 — those companies’ emissions actually increased over the same period 
of time”35. Because firms’ decisions rely strongly on stakeholder expectations and 
evaluations, this research suggests that stakeholder groups should improve their 
evaluative mechanisms to effectively monitor firms in emissions reduction. For instance, 
the EICC provides services to audit compliance in environmental performance. This type 
of auditing service has been less common in other industries, and it should be fully 
encouraged to prevent firms from “doing nothing” once they are committed. Similarly, 
NGOs such as the CDP should increase their capability to evaluate and compare a firm’s 
actual GHG emissions performance and provide recommendations for benchmarking. In 
addition, as a firm’s commitment to reducing GHG emissions may bring negative 
spillovers to supply chain members, managers as well as policy makers should adopt a 
supply chain perspective to evaluate the effectiveness of GHG emissions reduction 
programs. Reporting supply chain emissions should be highly encouraged. A firm with a 
                                                35	https://www.greenbiz.com/article/more-companies-are-tracking-carbon-emissions-it-helping	
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low level of internal emissions should not be rewarded with revenue opportunities or 
market shares if its supply chain emissions are high. Legislators and regulators should 
provide substantial and targeted policies to guide firms with respect to supply-chain-wide 
emissions and to improve supply chain transparency. With more information on supply 
chain emissions, firms may refrain from shifting emissions to their supply chains. Further, 
supply chain coordination improves supply chain performance in new product 
development, inventory management, and environmental protection (F. Chen, 2003; Jira 
& Toffel, 2013; Klassen & Vachon, 2003; H. L. Lee & Whang, 2000; Petersen et al., 
2005); therefore, firms may be less likely to shift emissions to their supply chains if firms 
are engaged in collaborative environmental programs. Relationships can be cultivated 
during collaboration, which prevents firms from engaging in opportunistic behaviors 
(Bensaou, 1999; Dyer & Singh, 1998).  
On the performance level, this research promotes a long-term perspective to 
assess a firm’s investments in GHG emissions reduction. Firms may underestimate the 
potential benefits of reducing emissions if seeking short-term cost savings or revenue 
generation. Although it may be financially beneficial for firms to have a higher level of 
supply-chain-wide emissions, such spillovers may need to be internalized by focal firms 
once policies on GHG emissions become more stringent. This may happen when a 
supply-chain-wide carbon tax is imposed, and firms will pay for the spillovers out of their 
own pockets. With an enhancement of supply chain visibility and a growing societal 
awareness of climate change, firms will face potential risks of public antagonism for 
having a “dirty” supply chain.  
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Study 2 Contributions. Study 2 empirically investigates the vertical-exogenous spillover 
in GHG emissions reduction. The purpose of this study is to examine the role of supply 
base in firm GHG emissions reduction, focusing on the innovativeness and structure. The 
results suggest that the innovativeness of a firm’s supply base may create a positive 
spillover to the firm in GHG emissions reduction, and that this effect is dependent on the 
structure of the supply base – the positive spillover can be strengthened by a concentrated 
and diversified supply base.  
This study contributes to the literature by extending previous research in supply 
base innovativeness to including an additional dimension of a firm’s performance in 
environmental management. Supply chain innovativeness has been shown to be a positive 
facilitator of a firm’s new product development and process improvement (Choi & 
Krause, 2006). The major mechanism is through the exchange of information and transfer 
of knowledge and technological know-how that result in learning spillover for the focal 
firm (Ahuja, 2000). Specifically in Azadegan and Dooley (2010)’s study, supplier 
innovativeness has been found positively associated with manufacturer performance 
dimensions in cost, quality, product development, flexibility and delivery. The results of 
this research suggest that supply base innovativeness can also provide knowledge and 
technology resources that enhance a firm’s eco-innovation capability to reduce GHG 
emissions. As sustainability has become a priority for many firms (Wu & Pagell, 2011), 
the innovation capability of suppliers, especially their technological know-how, can be 
leveraged by focal firms to address climate change through learning spillovers.  
In addition, this study contributes to the related literature by proposing boundary 
conditions under which supply base innovativeness may (or may not) be useful. The 
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results show that the positive impact of an innovative supply base is contingent on the 
concentration and diversification of the supply base. This is an important contribution to 
the supply chain and operations management research because traditional research that 
examines supply base structure lacks large-scale empirical evidence. This research, by 
utilizing data from Bloomberg SPLC, provides empirical evidence for the influence of 
supply base structure as contingency factors. Specifically, the findings reveal that a firm 
can further benefit from its innovative suppliers when the supply base is highly 
concentrated. A concentrated supply base implies a stronger firm-supplier relationship as 
well as potentially high switching costs (Krolikowski & Yuan, 2017). This motivates 
firms to increase communication and collaboration, both of which facilitate the focal 
firm’s learning from other parties. This finding reinforces our understanding of supply 
base rationalization, whether to increase or decrease the number of suppliers in a firm's 
supply base (Choi & Krause, 2006). A concentrated supply base suggests that a firm may 
work with only a few suppliers and hence is able to focus on building up long-term 
relationships. Auto companies such as General Motors (GM), for example, have reduced 
the number of suppliers in their supply bases to focus on long-term strategic issues to 
develop and share technologies (Ballew & Schnorbus, 1994). Managing the size of 
supply base, therefore, can be important for firms to improve GHG emissions 
performance as well.  
In addition, the findings indicate that the positive impact of an innovative supply 
base can be strengthened when the supply base is highly diversified. The diverse industry 
backgrounds of a firm’s suppliers allow the focal firm to access novel knowledge and 
diverse technology options (Rodan & Galunic, 2004). This helps expand the focal firm’s 
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solution base and increase the chance of finding a fit solution to reduce GHG emissions. 
GHG emissions reduction is an environmental issue still at its early stage to be fully 
understood. Many companies are still seeking an efficient and effective way to reduce 
internal emissions. Hence, GHG emissions reduction may be better tackled with a 
diversified supply base in which broad solutions from multiple disciplines can be found. 
This finding provides implications for firms to address issues other than GHG emissions 
reduction. Compared with a specialized knowledge base that provides deep knowledge 
but potentially targeted solutions, a diversified knowledge base is more beneficial for 
issues of high ambiguity, where the breadth of the knowledge increases a firm’s chance 
to find the right solution. However, leveraging knowledge from multiple disciplines 
requires up-front coordination and learning curves. For issues that demand efficient 
solutions, for instance, a specified supply base may be more beneficial to achieve deep 
knowledge in one specific area, and reduce the time necessary for coordinating supplier 
from multiple disciplines.   
Further, this research provides implications to companies that plan to or are 
currently active in reducing GHG emissions. First, our understanding of a firm’s 
responses toward GHG emissions is mostly based on a firm-centric view, while 
overlooking the potential impact from its supply base. Many companies have been slow 
to involve their suppliers in environmental related activities. This is because suppliers are 
often considered as “risk sources” rather than “opportunity sources” in GHG emissions 
reduction (EPA, 2010). For example, Walker, Di Sisto, and McBain (2008) find that none 
of the surveyed firms has identified suppliers as influencers or drivers for environmental 
supply chain management projects. This study, by showing that companies can learn to 
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better reduce GHG emissions with an innovative supply base, extends the traditional 
firm-level research in environmental management to the level of supply chain. 
Companies should learn to leverage their supply base members’ capabilities and 
knowledge to reduce GHG emissions. This can be done by, for example, actively 
involving suppliers in product and process improvement, particularly those that are 
related to eco-innovation. The traditional supplier selection criteria may not emphasize 
much on a supplier’s innovation capability to address environmental issues. With a 
growing pressure to reduce environmental impacts, managers of companies that 
emphasize environmental protection and specifically GHG emissions reduction should 
reevaluate supplier selection criteria by considering suppliers’ technological capabilities 
in eco-innovation. While collaborating with innovative suppliers may be beneficial, firms 
should bear in mind the influence of their supply base structures. Firms should develop 
intimate collaboration with a few of their suppliers and establish trusted relationship, 
which lead to increased levels of interaction, knowledge sharing, and hence enhancement 
in internal innovation capability. However, if these suppliers are based in similar 
industries, firms could consider expanding their supply base to work with suppliers from 
different industries, thus gaining exposures to a broader solution base to achieve new 
perspectives and technologies to reduce GHG emissions.  
Dissertation Contributions  
Climate change is currently a notable environmental issue that influences 
business. Anticipating stakeholder pressures, companies respond to climate change 
strategically through internal, or vertical and horizontal involvements (Kolk & Pinkse, 
2007). This dissertation proposes a theoretical framework that categorizes spillover 
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effects in the context of GHG emissions, by focusing on a firm’s interactions with its 
supply chain and beyond, and hence makes theoretical contributions to the sustainable 
supply chain management literature in the following ways.  
First, the proposed theoretical framework presents a broader and more holistic 
perspective to understand GHG emissions reduction, with a focus on the spillover effects 
that occur at a firm’s vertical and horizontal interactions. Existing studies have 
highlighted the economic driving force behind GHG emissions reduction, such as cost 
reduction via improved product design and revenue generation via enhanced reputation. 
Theories are therefore mostly developed to study individual firms that are engaged in 
emissions reduction for economic claims. For instance, most research deals with a firm’s 
efforts to balance current stakeholder interests, and aims to capture the direct effect on 
the firm’s financial performance (Stuart L. Hart & Ahuja, 1996; Brian W Jacobs, 2014; 
Klassen & McLaughlin, 1996; Kroes et al., 2012). However, our understanding of GHG 
emissions is incomplete with a firm-centric view as firms are embedded in vertical and 
horizontal relationships, in which spillover effects can occur through, for example, 
transfer of activities, and knowledge sharing and learning. Such interactions, and the 
associated spillover effects, are important to understand the effectiveness of the firms’ 
response to climate change. A lack of such understanding leads to a misunderstanding of 
a firm’s GHG emissions performance, and thus misallocation of valuable resources that 
can result in suboptimal performances of GHG emissions reduction. By providing a 
broader perspective to examine spillover effects in GHG emissions reduction, this 
framework enhances the understanding of GHG emissions performance dispersion by 
extending the previous work to the level of supply chain, and creates a holistic 
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perspective to understand supply chain spillovers in particular in GHG emissions. In 
parallel to our understanding of inventory management and the bullwhip effect, for 
instance, a supply chain perspective to understand GHG emissions reduction is also much 
needed because the effects of GHG emissions reduction are not contained in one firm but 
can move along supply chains (Sodhi, 2015). A supply chain perspective hence is able to 
provide a more complete picture of what is happening in GHG emissions reduction. More 
importantly, because often the goal of managing supply chain relationships and 
coordinating supply chain activities is to improve operating efficiency and financial 
performance, a firm’s environmental responsibilities have not been a major interest in 
this line of research. This dissertation extends the work in supply chain relationship to a 
new context of GHG emissions reduction, and as such, answers the recent calls by 
numerous researchers to better understand the spillovers of a firm’s engagement in 
environmental management with its value chain members (H. L. Lee & Tang, 2017). This 
dissertation can serve as a foundation to investigate broader theoretical and practical 
issues in GHG emissions with supply chain and beyond.   
Second, by decomposing the spillover effects into four types, namely vertical-
endogenous spillover, vertical-exogenous spillover, horizontal-endogenous spillover, and 
horizontal-exogenous spillover, the proposed theoretical framework serves as a 
classification scheme to understand each spillover effect in a different scenario. These 
spillover effects are not theoretically explored and established, which offers important 
research opportunities. The framework is proposed based upon previous work by Kolk 
and Pinkse (2005) and Serpa and Krishnan (2017). Drawing from both studies, this 
dissertation proposes a novel framework that connects the specific channels through 
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which spillovers occur with the level of interactions by a firm in GHG emissions 
reduction. The consequences from these spillovers, via different channels, may determine 
if GHG emissions reduction can play a strategic role for firms to develop competitive 
advantages and improve financial performance. With this framework, researchers can 
better categorize sources of factor and locations of interactions into different scenarios. 
This will allow them to examine the true effect of a particular spillover in GHG 
emissions. Our current understanding of a firm’s GHG emissions reduction is based on an 
average effect of multiple factors, which makes it difficult to understand the effect of a 
particular factor. In this regard, this dissertation has dissolved a complex challenge, i.e., 
GHG emissions reduction, into elementary parts that can be better understood by both the 
academia and business world (Von Bertalanffy, 1972).  
Third, this dissertation provides a better understanding of contingency factors for 
supply chain spillovers in GHG emissions. Most of the research in understanding a firm’s 
social and environmental performance has examined contingency factors from an internal 
perspective. For example, Aguinis and Glavas (2012) in their review of more than 600 
journal articles and book chapters, suggest that most studies focus on internal moderators 
such as a firm’s R&D spending, finance and slack resources, employee discretion, top 
management commitment and firm identity and visibility. Moreover, Walker et al. (2008) 
indicate that there needs a better understanding on conditions under which firms can 
maximize the potential of their suppliers to achieve better environmental management 
performance. By identifying supply chain factors under which GHG emissions reduction 
may (or may not) be effective and efficient with a firm’s vertical interactions, this 
dissertation extends the boundary of existing theories to the level of supply chain. This 
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dissertation hence provides researchers with opportunities to study contingent effects in 
GHG emissions as the impact of one particular condition may vary across different 
spillovers. Such research opportunities will further improve our understanding of the 
GHG emissions performance.  
Looking ahead, this theoretical framework can be utilized to further explore how 
GHG emissions spillover transfers across a firm’s supply chain by 1) examining other 
endogenous and exogenous factors, and 2) comparing the effect of each factor. I propose 
two empirical studies in this dissertation to examine one endogenous factor, i.e., a firm’s 
GHG emissions reduction program, and one exogenous factor, i.e., supply base 
innovativeness, and I find a negative spillover in the endogenous case while a positive 
spillover in the exogenous case. Future research is encouraged to examine other 
endogenous or exogenous factors and evaluate the consequences of each factor. For 
instance, companies have realized the important role of supply chain emissions and have 
adopted environmental supply chain programs to streamline supply chain GHG 
emissions. The environmental supply chain program to reduce GHG emissions requires 
collaboration and may facilitate knowledge and learning among different parties. It will 
be interesting to examine the impact of an environmental supply chain program, as an 
example of another endogenous factor, in GHG emissions reduction, the results of which 
can help focal firms understand the advantage or disadvantage of having such a program. 
In addition, previous research has suggested the value of supplier geographic location and 
the important role it plays in a firm’s quality management and productivity improvement. 
It will be interesting for future research to investigate the role of supply base geographic 
location as an exogenous factor in GHG emissions. Will working with European 
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suppliers benefit a focal firm environmentally with their established, advanced 
knowledge and technology in environmental protection? Alternatively, will working with 
Asian suppliers be more beneficial as many Asian countries are catching up on GHG 
emissions reduction and investment in technological innovation has been underway? The 
findings may provide implications for firms to adjust their supplier selection criteria. 
Further, both endogenous and exogenous factors can be examined in comparison to 
understand which factor is more significant in causing GHG emissions spillovers. All of 
these can improve much of the field’s understanding of the effectiveness of GHG 
emissions reduction. Moreover, the proposed framework can be applicable to other 
corporate social responsibility (CSR) programs than GHG emissions reduction. There has 
been a rising awareness of other social and environmental initiatives such as fair trade, 
GMO labeling, organic product offering, in which firms also interact with multiple 
parties, such as farmers, supplier, retailers, and industry associations. The proposed 
framework can help extend our limited understanding of these contexts to including a 
more general supply-chain effect. Future research could build on this framework to also 
examine initiatives out of the scope of CSR.     
Managerial Implications 
This research provides implications to the practitioners. Researchers in OM and 
SCM fields have encouraged research in social and environmental supply chain 
management, and it is important for us to become more engaged in addressing challenges 
and opportunities in real-world issues such as climate change. In a recent book by Sheffi 
(2018), the author discussed several challenges for companies to “go green,” and the 
complex yet important role of supply chain in “balancing green.” This dissertation echoes 
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the book by highlighting vertical and horizontal relationships and their respective 
influence on a firm’s pursuit to reducing GHG emissions.   
Our understanding of GHG emissions, because of a long-term focus on firms’ 
financial performance, may miss both the challenges and opportunities created by a 
firm’s vertical and horizontal partners. Specifically, I show in this research that a firm’s 
effort in reducing its own GHG emissions may negatively affect its supply chain, while 
an innovative supply base may benefit a firm to reduce its internal GHG emissions. The 
negative and positive spillover effects together shed light on supply chain collaboration in 
addressing environmental issues such as climate change. Caro et al. (2011) classify 
different approaches to reduce GHG emissions into “carbon-optimal,” “carbon-neutral,” 
and “socially optimal.” When a firm is pressured to reduce GHG emissions, the outcome 
may only be “carbon-optimal” to the focal firm when it relocates the emissions to the 
supply chain. This may not be a long-term strategy and may disrupt supply chain 
relationships as more supply chain members are being asked to reduce GHG emissions 
(Jira & Toffel, 2013). However, if a firm’s supply base is technologically innovative and 
more efficient in reducing GHG emissions, relocation of part of the focal firm’s high-
emitting activities may help the total supply chain achieve “carbon-neutral,” where all 
emissions are offset in a supply chain. Moreover, when a firm coordinates with its supply 
chain by leveraging each other’s innovation capability in reducing GHG emissions, the 
total supply chain may reach the level of “socially-optimal,” where every party along the 
supply chain “exerts optimal levels of emission reduction effort and fully offsets all 
remaining emissions” (Caro et al., 2011, p.4). This dissertation suggests that, rather than 
keeping supply chain members distanced or requesting supply chain GHG emissions 
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reporting, supply-chain-wide collaboration is highly encouraged to achieve a win-win 
situation in GHG emissions reduction.  
In addition, managing spillovers in GHG emissions and redesign of a firm’s 
supply chain should be aligned with a firm’s sustainability goal. Sheffi (2018) suggest 
that a firm's sustainability goal can be categorized into” eco-efficiency,” where the firm 
focuses on reducing operating costs, “eco-risk,” where the firm focuses on reducing 
threats from external stakeholders, and “eco-segmentation,” where the firm focuses on 
driving revenue growth by segmenting customers. If a firm’s sustainability initiative is to 
reduce “eco-risk,” managing negative spillovers in supply chain is particularly important, 
regardless of the cost, as such spillovers may put brand as risks. For such firms, 
improving supply chain visibility is critical. In sum, this study of environmental 
spillovers, particularly in supply chains, is an attempt to better understand the 
effectiveness of firms’ efforts to combat climate change, which provides a more 
comprehensive view for firms to curtail GHG emissions, and assist them in developing 
effective programs and policies with their supply chain members to reduce GHG 
emissions. 
Finally, this research makes several methodological contributions. This 
dissertation uses secondary data drawn from Bloomberg ESG and SPLC. The majority of 
the published sustainability research is analytical or survey-based, constrained by the 
availability of secondary data (Linton, Klassen, & Jayaraman, 2007; Pagell & 
Shevchenko, 2014). With the use of large-scale datasets, I apply advanced econometric 
techniques to study GHG emissions and more importantly, the theoretically important 
spillover effects associated with emissions reduction. The novelty of this dissertation, in 
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terms of methodology, primarily lies in the fact that this research is, to the best of my 
knowledge, the first using actual firm-level supply chain emissions data (e.g., Scope 3 
emissions) and pair a firm’s GHG emissions information with its supply base. The study 
has addressed many econometric issues analyzing the data, and as such, this dissertation 
will help open a research agenda for many other researchers who intend to use these data.  
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CHAPTER 6  
CONCLUSIONS, LIMITATIONS, AND FUTURE RESEARCH 
The main limitations for empirical studies are from data sources and analyses. 
Specifically for the first empirical study, I propose a binary measure of a firm’s GHG 
emissions reduction in model estimation. However, emissions reduction programs are 
diverse and better measures are needed to develop further insight into the spillover effect. 
As more data become available, future research could examine the degree of firm effort 
toward GHG emissions reduction and the effects on the firm and its supply chains. In 
addition, although I have considered and treated industry heterogeneity in the main 
model, I believe industry sectors may play an important and interesting role in 
understanding GHG emissions for both firms and their supply chains. Future research 
could investigate the degree of supply chain spillover across industries. While the second 
empirical study is the first to utilize and combine Bloomberg ESG and SPLC to examine 
firm GHG emissions and supply base impacts, it suffers from the limitation on supply 
chain data reported by Bloomberg. The resulting small sample size limits some of the 
extended analyses. Future research could collect more data as it becomes available to 
include a larger number of years of firm-supply chain information. Further, I focus on 
three supply base characteristics in this study: innovativeness, concentration and 
diversification. Future research is encouraged to examine other important supply base 
characteristics.  
Both of the empirical studies focus on the vertical level in which firms interact 
with supply chains and spillovers arise. Future research could examine the horizontal-
endogenous and horizontal-exogenous spillovers, as evidenced by examples of Tesla and 
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the EICC. It will be interesting and important to see if the vertical and horizontal 
spillovers occur via the same mechanisms. Additionally, future research can extend the 
current study to the level of value chain that includes product, service, information and 
financial flows (H. L. Lee & Tang, 2017) and examine value chain characteristics in 
GHG emissions reduction. Recent research in supply chain and operations management 
has called for a value chain perspective to understand the dynamics of firm activities. 
Either product chains, or service chains, and finance chains can be important to reduce 
GHG emissions. Firms have increased their collaboration with service provider and 
financial partners to mitigate GHG emissions. For example, insurance and finance 
companies have served as brokers in emissions markets, assisting the sale of emission 
credits to firms in need (Kolk & Pinkse, 2005). The value chain perspective will provide 
a more comprehensive view as firms have begun to move outside their traditional 
markets. 
Last, this study focuses on GHG emissions reduction as a specific context. Future 
work could consider other contexts of interest. Although it remains unclear to what extent 
the findings of GHG emissions reduction in this study can be generalized to other 
environmental activities, this research is a step toward better understanding of the effects 
in emissions reduction in general, especially the broader impacts when considering 
supply chains. This work may stimulate further research on the spillovers of firm 
sustainability initiatives in other areas as well.  
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